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(57) Abstract 



Compounds having formula (I) or a pharmaceutically acceptable salt thereof wherein Ri is (a) hydrogen, (b) loweralkyl, 
(c) alkenyl, (d) alkoxy, (e) thioalkoxy, (f) halo, (g) haloalkyl, (h) aryl-La-, and (i) heterocyclic-Li-; R2 is selected from (a) 
(la), (b) -C(0)NH-CH(Ri4)-C(0)ORi5, (c) (lb), (d) -C(0)NH-<:H(Ri4)-C(0)NHS02Ri6, (e) -C(0)NH-CH(Ri4)-tetra2olyl, (f) 
-C(0)NH-heterocyclic, and (g) -C(0)NH-CH(Ri4>-C(0)NRi7Ri8; R3 is substituted or unsubstituted heterocyclic or aryl, substituted 
or unsubstituted cycloalkyl or cycloalkenyl, Qc), and ^(W)R*^^'; R4 is hydrogen, lower alkyl, haloalkyl, halogen, aryl. arylakyl, 
heterocyclic, or (heterocyclic)alkyl; Li is absent or is selected from (a) -L4-N(R5)-L5-. (b) -L4-O-L5-. (c) -L4-S(0)ir-L5-. (d) 
-L4-L6-C(W)-N(R5)-L5- (e) -L4-U-S(0)nr-N(R5)-L5-. (f) -L^N(R5)-<:(W)-L7-L5- (g) -L4^(R5)-S(0)p -L7-L5- (h) optionally 
substituted alkylene, (i) optionally substituted alkenylene, (j) optionally substituted alkynylene, (k) a covalent bond, (1) (Id), and (m) (Lt) 
are inhibitors of protein isoprenyl transferases. Also disclosed are protein isoprenyl transferase inhibiting compositions and a method of 
inhibiting protein isoprenyl transferases. 
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INHIBITORS OF PROTEIN ISOPRENYL TRANSFERASES 



Technical Field 

10 The present invention relates to novel compounds which are useful in inhibiting 

protein isoprenyl transferases (for example, protein famesyltransferase and protein 
geranylgeranyltransferase) and the famesylation or geranylgeranylation of the oncogene 
protein Ras and other related small g-proteins, compositions containing such compounds 
and methods of using such compounds. 

15 

Background of ^he Invention 
Ras oncogenes are the most frequently identified activated oncogenes in human 
tumors. Transformed protein Ras is involved in the proliferation of cancer cells. The Ras 
must be famesylated before this proliferation can occur. Famesylation of Ras by famesyl 
20 pyrophosphate (FPP) is effected by protein famesyltransferase. Inhibition of protein 
famesyltransferase, and thereby famesylation of the Ras protein, blocks the ability of 
U-ansformed cells to proliferate. Inhibition of protein geranylgeranyltransferase and, 
thereby, of geranylgeranylation of Ras proteins, also results in down regulation of Ras 
protein function. 

25 Activation of Ras and other related small g-proteins that are famesylated and/or 

geranylated also partially mediates smooth muscle cell proliferation (Circulation, 1-3: 88 
(1993), which is hereby incorporated herein by reference). Inhibition of protein isoprenyl 
transferases, and thereby famesylation or geranylgeranylation of the Ras protein, also aids 
in the prevention of intimal hyperplasia associated with restenosis and atherosclerosis, a 

30 condition which conipromises the success of angioplasty and surgical bypass for obstmctive 
vascular lesions. 

There is therefore a need for compounds which are inhibitors of protein 
famesyltransferase and protein geranylgeranyltransferase. 

35 Summary of the Invention 

In its principle embodiment, the invention provides a compound having the formula: 

- 1 - 
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R4 

I 

or a pharmaceutically acceptable salt thereof, wherein 
Rj is selected from the group consisting of 

(1) hydrogen, 

(2) alkenyl, 

(3) alkynyl, 

(4) alkoxy, 

(5) haloalkyl, 

(6) halogen, 

(7) loweralkyl, 

(8) thioalkoxy, 

(9) aryl-L2- wherein aryl is selected from the group consisting of 

(a) phenyl, 

(b) naphthyl, 

(c) dihydronaphthyl, 

(d) tetrahydronaphthyl, 

(e) indanyl, and 

(f) indenyl 

wherein (a)-(f) are unsubstituted or substituted with at least one of X, Y. 
or Z wherein X, Y, and Z are independently selected from the 
group consisting of 
alkenyl, 
alkynyl, 
alkoxy, 
aryl, 
carboxy, 
cyano, 
halogen, 
haloalkyl, 
hydroxy, 
hydroxyalkyl, 
loweralkyl, 
nitro. 



wo 98/50030 



PCT/US98/09297 



N-protected amino, and 

-NRR* wherein R and and R' are independently selected 
from the group consisting of 
hydrogen and 
75 loweralkyl, 
0X0 (=0), and 
thioalkoxy and 
L2 is absent or is selected from the group consisting of 

-CH2-, 

80 -CH2CH2-, 
-CH(CH3)-, 

-0-, 
-C(0)-, 

-S(0)q wherein q is 0, 1 or 2, and 

85 -N(R)-, and 

(10) heterocycie-L2- wherein L2 is as defined above and the heterocycle is 

unsubstituted or substituted with U 2, 3 or 4 substituents 
independently selected from the group consisting of 





(a) 


loweralkyl, 


90 


(b) 


hydroxy. 




(c) 


hydroxyalkyl. 




(d) 


halogen 




(e) 


cyano. 




(0 


nitro. 


95 


(g) 


0x0 (=0). 




(h) 


-NRR', 




(i) 


N-protected amino, 




(j) 


alkoxy, 




(k) 


thioalkoxy, 


100 


(1) 


haloalkyl. 




(m) 


carboxy, and 




(n) 


aryl; 



Rn is selected from the group consisting of 
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^12b 

1 05 ( 1 ) ^ ' * wherein Luis selected from the group 

consisting of 

(a) a covalent bond, 

(b) -C(W)N(R)- wherein R is defined previously and W is 

selected from the group consisting of O and S, 

110 (c) -C(0)-, 

(d) -N(R)C(W)-, 

(e) -CH2O-. 

(f) -C(0)0-, and 

(g) -CH2N(R)-, 

115 ^I2a selected from the group consisting of 

(a) hydrogen, 

(b) loweralkyl, and 

(c) -C(0)OR 1 3 wherein R 1 3 is selected from the group 

consisting of 

120 hydrogen and 

a carboxy-protecting group, and 
Rl2b is selected from die group consisting of 

(a) hydrogen and 

(b) loweralkyl, 

125 with the proviso that Rj2a and Rl2b^^^o^t>oth hydrogen, 

(2) -Li i-C(Ri4)(Rv)-C(0)ORi5 wherein Li 1 is defined previously, 
Rv is selected from the group consisting of 
(a) hydrogen and 
130 (b) loweralkyl. 

Ri5 is selected from the group consisting of 

(a) hydrogen, 

(b) alkanoyloxyalkyl. 

(c) loweralkyl, and 

135 (b) a carboxy-protecting group, and 

Rj4 is selected from the group consisting of 

(a) alkoxyalkyl, 

(b) alkoxyarylalkyl, 



-4- 
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(c) alkoxycarbonylalkyl, 

(d) alkylsulfinyalkyi, 

(e) alkylsulfonylalkyl, 

(f) • alkynyl, 

(g) aminoalkyl, 

(h) aminocarbonylalkyl, 

(i) aminothiocarbony laiky 1 , 
0) aryl, 

(k) arylalkyl, 

(1) carboxyalkyl, 

(m) cyanoalkyl, 

(n) cycloalkyl, 

(o) cycloaikylalkoxyalkyl, 

(p) cycloalkylalkyl, 

(q) (helerocyclic)alkyl, 

(r) hydroxyalkyl, 

(s) hydroxyarylalkyl, 

(t) loweralkyl, 

(u) sulfhydrylalkyl. 

(v) thioalkoxyalkyl wherein the thioalkoxyalkyl is 



unsubstituted or substituted with 1, 2, 3, or 4 
substituents selected from the group consisting of 
halogen. 



(4) -C(0)NH-CH(R|4)-C(0)NHS02Ri6 wherein Ru is defined previously 



and Ri6 is selected from the group consisting of 

(a) loweralkyl, 

(b) haloalkyl, 

(c) aryl wherein the aryl is unsubstituted or substituted with 



(w) 

(X) 



thioalkoxyalkylamino, and 
thiocycloalkyloxyalkyl, 




1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
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. loweralkyl, 
175 hydroxy, 

hydroxyalkyl, 
halogen, 
cyano, 
nitro, 

180 0X0 (=0), 

-NRR' 
, N-protected amino, 
f alkoxy, 

thioalkoxy, 

185 haloalkyl, 

carboxy, and 
aryl, and 

(d) heierocycle wherein the heterocycie is unsubstituted or 
substituted with substituents independently 
190 selected from the group consisting of 

loweralkyl, 
hydroxy, 
hydroxyalkyl, 
halogen, 

195 cyano, 

nitro, 
0X0 (=0), 
-NRR', 

N-protected amino, 
200 alkoxy, 

thioalkoxy, 
haloalkyl, 
carboxy, and 
aryl; 



205 



(5) -C(0)NH-CH(Ri4)-tetrazolyl wherein the tetrazole ring is unsubstituted 

or substituted with loweralkyl or haloalkyl, 

(6) -Li 1 -heterocycie, 



210 



-6- 
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(7) -C(0)NH-CH(Rj4)-C(0)NRi7Ri8 wherein R14 is defined previously 
and Ri7 and R18 are independently selected from the group 
consisting of 
(a) hydrogen, 
215 (b) loweralkyl, 

(c) arylalkyi, 

(d) hydroxy, and 

(e) dialkylaminoaikyl, 

220 (8) -C(0)ORi5,and 

(9) -C(0)NH-CH(Ri4)-heterocycle wherein R14 is as previously defined 
and the heterocycle is unsubstituted or substituted with 
loweralkyl or haloaUcyl; 

225 

Lj is absent or is selected from the group consisting of 
( 1 ) -L4-N(R5)-L5- wherein is absent or selected from the group 
consisting of 

(a) Cj-to-C|Q-alkylene and 
230 (b) C2-to-Ci5-alkenylene, 

wherein the alkylene and alkenylene groups are unsubstituted or 
substituted with 1, 2, 3 or 4 substitutents independently 
selected from the group consisting of 
alkenyl. 

235 alkenyloxy, 

alkenyloxyalkyl, 

alkenyl[S(0)q]alkyl, 

alkoxy, 

alkoxyalkyl wherein the alkoxyalkyl is unsubstituted or 
240 substituted with 1 or 2 hydroxyl substituents, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
alkoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1, 2, or 3 
245 substituents independently selected from the 

group consisting of 
halogen and 
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cycloalkyl, 
alkylsilyloxy, 
alkyI[S(0)q]. 
alkyI[S(0)q]alkyl, 

aryl wherein the aryl is unsubstituted or substituted with 
1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
alkoxy wherein the alkoxy is unsubstituted or 
substituted with substituents selected 
from the group consisting of cycloalkyl, 

aryl, 

arylalkyl 

aryloxy wherein the aryloxy is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of, 
halogen, 
nitro, and 
-NRR'. 

cycloalkyl, 

halogen, 

loweralkyl, 

hydroxyl, 

nitro, 

-NRR\ and 
-S02NRR', 

arylalkoxy wherein the arylalkoxy is unsubstituted or 
substituted with substituents selected from the 
group consisting of alkoxy, 

arylalkyl, 

arylalkyl[S(0)qlalkyl, 
aryl[S(0)q], 

aiyl[S(0)q]aikyl wherein the aryl[S(0)q]alkyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents independendy selected from 
alkoxy and 
loweralkyl, 
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arylalkoxyalkyl wherein the arylalkoxyalkyl is 

unsubstituted or substituted with substituents 
selected from the group consisting of 
alkoxy» and 
halogen, 

aryloxy, 

aryloxyalkyl wherein the aryloxyalkyl is unsubstituted or 
substituted with substituents selected from the 
group consisting of halogen, 

carboxyl, 

•C(0)NRcRd wherein Rc and Rd are independently 
selected from the group consisting of 
hydrogen, 
loweralkyl, and 
alkoxycarbonyl or 

Rc and Rd together with the nitrogen to which 
they are attached form a ring selected 
from the group consisting of 
morpholine, 
piperidine, 
pyrrolidine 
thiomorpholine, 
thiomorpholine sulfone, and 
thiomorpholine sulfoxide, 
wherein the ring formed by Rc and Rd 
together is unsubstituted or 
substituted with 1 or 2 
substituents independently 
selected from the group consisting 
of alkoxy and alkoxyalkyl, 
cycloalkenyl wherein the cycloalkenyl is unsubstituted or 
substituted with I or 2 substituents selected from 
the group consisting of alkenyl, 
cyclolalkoxy, 
cycloalkoxycarbonyl, 
cyclolalkoxyalkyl, 

cyclolalkyl wherein the cycloalkyl is unsubstituted or 
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substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group consisting 
of aryl, 

loweralkyl, and 

alkanoyi, 
cycloalkylalkoxy, 
cycloalkylalkoxycarbonyl, 
cycloalkylalkoxyalkyl. 
cycloalkylalkyl, 
cyclolalkyl[S(0)q]allcyl, 
cycloaikylalkyl[S(0)q]alkyl 
fluorenyl, 

heterocycle wherein the heterocycle is unsubstituted or 
substituted with U 2, 3. or 4 substituents 
independently selected from the group 
consisting of 

alkoxy wherein the alkoxy is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group 
consisting of aryl and cycloalkyl, 

alkoxyalkyl wherein the alkoxyalkyl is 

unsubstituted or substituted with 1 or 2 
substituents independently selected from 
the group consisting of 
aryl and 
cycloalkyl, 

alkoxycarbonyl wherein the alkoxycarbonyl is 
unsubstituted or substituted with 1 or 2 
substituents independently selected from 
the group consisting of 
aryl and 
cycloalkyl, 

aryl wherein the aryl is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of 
alkanoyi, 
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alkoxy. 

carboxaldehyde, 

haloalkyl, 

halogen, 

loweralkyl, 

nitro, 

-NRR', and 

thioalkoxy, 
arylalkyl. 
aryloxy, 

cycloalkoxyalkyl, 

cycloalkyl, 

cycloalkylalkyl, 

halogen, 

heterocycle, 

hydroxyl, 

loweralkyl wherein the loweralkyl is 

unsubstituted or substituted with 1, 2, or 
3 substituents independently selected 
from the group consisting of 
heterocycle, 
hydroxyl, 

with the proviso that no two hydroxyls 
are attached to the same carbon, 
and 

-NRR3R3' wherein R^^ and RR3' are 
independently selected from the 
group consisting of 
hydrogen 
aryl, 

loweralkyl, 
aryl, 

arylalkyl, 
heterocycle, 
(heterocyclic)alkyl, 
cycloalkyl, and 
cycloalkylalkyl, and 
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sulfhydryl, 
(heterocyclic)alkoxy. 
(heterocyclic)alkyl, 
(heterocyclic)alkyl[S(0)q]alkyl, 
(heterocyclic)oxy, 
(heterocyclic)alkoxyalkyl, 
(heterocyclic)oxyalkyl, 
heterocycle[S (0)q]alkyl, 
hydroxyl, 
hydroxyalkyl, 
imino, 

N-protected amino, 
=N-0-aryl, and 
=N-OH, 

=N-0-heterocycle wherein the heterocycle is 

unsubstituted or substituted with 1 , 2, 3, or 4 

substituents independently selected from the 

group consisting of 

loweralkyl, 

hydroxy, 

hydroxyalkyl, 

halogen, 

cyano, 

nitro, 

0X0 (=0), 

-NRR' 

N-protected amino, 

alkoxy, 

thioalkoxy, 

haloalkyl, 

carboxy, and 

aryl, 

=N-0-loweralkyl, 
-NHNRcRd, 

-OG wherein G is a hydroxyl protecting group, 
-0-NH-R, 
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J wherein J and J' are independently selected 
from the group consisting of 
loweralkyl and 
arylalkyl, 

oxo, 

oxyamino(alkyl)carbonylalkyl, 

oxyaniino(arylallcyl)carbonylalkyl, 

oxyaminocarbonylalkyl, 

-SO2-A wherein A is selected from the group 

consisting of 

loweralkyl, 

aryl, and 

heterocycle 

wherein the loweralkyl, aryl, and heterocycle are 
unsubstituted or substituted with 1, 2, 3, 
4, or 5 substituents independently 
selected from the group consisting of 
alkoxy, 
halogen, 
haloalkyl, 
loweralkyl, and 
nitro, 

sulfhydryl, 
thioxo, and 
thioalkoxy, 

is absent or selected from the group consisting of 

(a) Cj-to-C|Q-alkylcne and 

(b) C2-to-Cj^-alkenylene 

wherein (a) and (b) are unsubstituted or substituted as 
defined previously, and 
is selected from the group consisting of 

hydrogen, 

alkanoyl wherein the alkanoyl is unsubstituted or 

substituted with substituents selected from the 
group consisting of aryl. 
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alkoxy, 
alkoxyalkyl, 

alkoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1, 2 or 3 
substituents independently selected from the 
group consisting of 
aryl and 
halogen, 

alkylaminocarbonylalkyl wherein the 

alkylaminocarbonylalkyl is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group consisting 
of aryl, 

(anthracenyl)alkyl, 

aryl, 

arylalkoxy, 

arylalkyl wherein the arylalkyl is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group 
consisting of 
alkoxy, 
aryl, 

carboxyl, 

cyano, 

halogen, 

haioalkoxy, 

haloalkyl, 

nitro, 

0X0, and 

-Lii-C(Ri4)(Rv)-C(0)ORi5, 
(aryl)oyl wherein the (aryl)oyl is unsubstituted or 

substituted with substituents selected from the 

group consisting of halogen, 
aryloxycarbonyl, 
carboxaldehyde, 
-C(0)NRR', 
cycloalkoxycarbonyl, 



. 14- 
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cycloalkylaminocarbonyU 
cycloalkylaminothiocarbonyl. 

cyanoalkyl, 
cyclolalkyl, 

cycloalkylalkyl wherein the cycloalkylalkyl is 

unsubstituted or substituted with 1 or 2 hydroxy! 
substituents, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
(cyclolalkyl)oyl. 

(9, 10-dihydroanthracenyl)alkyl wherein the 

(9, 1 0-dihydroanthracenyl)alkyl is unsubstituted 
or substituted with 1 or 2 oxo substituents, 

haloalkyl. 

heterocycle, 

(heterocyclic)alkyl wherein the (heterocychc)alkyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents selected from the group consisting of 
ioweralkyl, 

(heterocyclic)oyl, 

ioweralkyl, wherein the Ioweralkyl is unsubstituted 

or substituted with substituents selected from the 
group consisting of -NRR', 

-SO2-A, and 

thioalkoxyalkyl; 

(3) -L4-S(0)jn-L5- wherein L4 and L5 are defined previously and m is 0, 1, 

or 2, 

(4) -L4-L6-C(W)-N(R6)-L5- wherein L4. W, and L5 are defined previously, 

is selected from the group consisting of 

(a) hydrogen, 

(b) Ioweralkyl. 

(c) aryl. 

(d) arylalkyl, 

(e) heterocycle, 
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(f) (heterocyclic)alkyl, 

(g) cyclolakyl, and 

(h) cycloalkylalkyl, and 

545 Lg is absent or is selected from the group consisting of 

(a) -0-, 

(b) -S-, and 

(c) -N(Rg.)- wherein R^. is selected from the group 

consisting of 
550 hydrogen, 

loweralkyl, 
aryl, 

arylalkyl, 
heterocycle, 

555 (heterocychc)alkyl, 

cyclolakyl, and 
cycloalkylalkyl. 



560 



(5) -L4-L6-S(0)^-N(R5)-L5., 

(6) -L4-L6-N(R5)-S(OVL5., 



(7) -L4-N(R5)-C(W)-L7-L5- wherein L4, R5. W, and and L5 are 

defined previously and L7 is absent or is selected from the group 
565 consisting of -O- and -S-, 



(8) Ci-CiQ-alkylene wherein the alkylene group is unsubstituted or 

substituted with 1 or 2 substituents independently selected from 
the group consisting of 



570 


(a) 


aryl. 




(b) 


arylalkyl, 




(C) 


heterocycle, 




(d) 


(heterocyclic)alkyl. 




(e) 


cyclolakyl, 


575 


(f) 


cycloalkylalkyl, 




(g) 


alkylthioalkyl, and 




(h) 


hydroxy. 
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(9) C2-to-C|o-alkenyIene wherein the alkenylene group is unsubstituted or 
580 substituted with 1 or 2 substituents independently selected from 

the group consisting of 

(a) aryU 

(b) arylalkyl, 

(c) (aryl)oxyalkyl wherein the (aryl)oxyalkyl is 

585 unsubstituted or substituted with 1, 2, 3, 4, or 5 

substituents selected from the group consisting 
of halogen, 

(d) heterocycle, 

(e) (hererocycle)alkyl, 
590 (0 hydroxyalkyl, 

(g) cyclolakyl, 

(h) cycloalkylalkyl, 

(i) alkylthioalkyl, and 
(j) hydroxy. 



595 



(10) C2-to-C jo-alkynylene wherein the aikynylene group is unsubstituted or 
substituted with 1 or 2 substituents independently selected from 
the group consisting of 





(a) 


aryl, 


600 


(b) 


arylalkyl. 




(c) 


heterocycle, 




(d) 


(heterocyclic)alkyl. 




(e) 


cyclolakyl, 




(0 


cycloalkylalkyl. 


605 


(g) 


alkylthioalkyl, and 




(h) 


hydroxy. 



(11) -L4-heterocycle-L5-, 
610 ( 12) a covalent bond, 



(13) wherein B is selected from the group consisting of 

loweralkyl and 
arylalkyl, and 
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615 



(14) 



R >^ 



Z is selected from the group consisting of 

(1) a covalent bond, 
620 (2) -0-. 

(3) -S(0)q-, and 

(4) -NRz- wherein Rz is selected from the group consisting of 





(a) 


hydrogen 




(b) 


loweralkyl, 


625 


(c) 


aryl. 




(d) 


arylalkyl. 




(e) 


heterocycle, 




(f) 


(heterocyclic)alkyl, 




(g) 


cyclolakyl, and 


630 


(h) 


cycloalkylalkyl; 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 

635 (3) fluorenyl, 
(4) heterocycle, 

wherein (2)-(4) are unsubstituted or substituted with I, 2, 3, 4, or 5 
substituents independently selected from the group consisting of 
(a) alkanoyl, 

540 (b) alkoxy wherein the alkoxy is unsubstituted or substituted witii I , 

2, 3, 4, or 5 substituents independently selected from the 
group consisting of 
halogen, 
aryl, and 

645 cycloalkyl, 

(c) alkoxyalkyl wherein the alkoxyalkyl is unsubstituted or 
substituted with 1 or 2, 3, 4 or 5 substituents 
independently selected from the group consisting of 
aryl and 
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cycloalkyl,^ 

(d) alkoxycarbonyl wherein the alkoxycarbonyl is unsubstituted or 

substituted with 1, 2. 3, 4, or 5 substituents 
independently selected from the group consisting of 
aryl, and 
cycloalkyl, 

(e) alkylsilyloxyaikyl, 

(f) arylalkyU 

(g) aryl wherein the aryl is unsubstituted or substituted with 1, 2, 3, 

4, or 5 substituents independently selected from the 

group consisting of 

alkanoyl, 

alkoxy wherein the alkoxy is unsubstituted or substituted 
with I or 2 substituents selected from the group 
consisting of cycloalkyl, 

carboxaldehyde, 

haloalkyl, 

halogen, 

loweralkyl, 

nitro, 

-NRR', and 
thioalkoxy, 

(h) arylalkyl, 

(i) aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 

independently selected from the group consisting of, 

halogen, 

nitro. and 

-NRR', 
0) (aryl)oyl, 
(k) carboxaldehyde, 
(1) carboxy, 
(m) carboxyalkyl, 

(n) -C(0)NRR" wherein R is defined previously and R" is 
selected from the group consisting of 
hydrogen, 
loweralkyl, and 
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carboxyalkyl, 

(o) cyano, 
(p) cyanoalkyl, 
690 (q) cycloalkyl, 

(r) cycloalkylalkyl, 
(s) cycloalkoxyalkyl, 
(t) halogen. 

(u) haloalkyl wherein the haloalkyl is unsubstituted or substituted 
695 with 1, 2, 3. 4, or 5 hydroxyl substituents, 

with the proviso that no two hydroxyls are attached to the same 
carbon, 
(v) heterocycie, 
(w) hydroxyl, 

700 (x) hydroxyalkyl wherein the hydroxyalkyl is unsubstituted or 

substituted with substitutients selected from the group 

consisting of aryi, 
(y) loweralkyl wherein the loweralkyl is unsubstituted or substituted 

with substituents selected from the group consisting of 
705 heterocycie, 

hydroxyl, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
.NRR3rR3'^ and 

710 -P(0)(OR)(OR'), 
(z) nitro, 
(aa) -NRR', 
(bb) 0X0, 

(cc) -S02NRa*Rb' wherein Ra* and Rb* are independently selected 
7 1 5 from the group consisting of 

hydrogen, 
(aryl)oyl, 
loweralkyl, and 

heterocycie wherein the heterocycie is unsubstituted or 
720 substituted with 1, 2, or 3 substituents 

independently selected from the group consisting 
of loweralkyl, 
(dd) sulfhydryl, and 
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(ee) thioalkoxy, 

(5) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted with 

1, 2, 3, 4 or 5 substituents selected from the group consisting of 

(a) alkoxy, 

(b) aryl, 

(c) arylalkoxy 

(d) aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
selected from the group consisting of halogen, 

(e) loweralkyl, 

(f) halogen, 
(g) 

(h) 0X0. and 




(6) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted 

with 1, 2, 3 or 4 substituents independently selected from the 
group consisting of 

(a) loweralkyl, 

(b) alkoxy, 

(c) halogen, 

(d) aryl, . 

(e) aryloxy, 

(f) alkanoyl, and 

(g) NRR3rR3\ 

(7) ' " wherein Xi and X2 together are cycloalkyl wherein the 

cycloalkyl is unsubstituted or substituted with 1 or 2 substituents 
selected from the group consisting of aryl, and 



(8) -P(W)RR3rR3*; and 



R4 is selected from the group consisting of 
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(1) hydrogen, 

(2) loweralkyl, 

(3) haloalkyl 

(4) halogen. 

(5) aryl, 

(6) arylalkyl. 

(7) heterocycle, 

(8) (heterocyclic)alkyl 

(9) alkoxy, and 

(10) -NRR'; or 

Li, Z, and R3 together are selected from the group consisting of 
(1) aminoalkyl, 

(1) haloalkyl, 

(2) halogen, 

(3) carboxaldehyde, and 

(4) (carboxaldehyde)alkyl, and 

(5) hydroxyalkyl, 

with the proviso that when Li, Z, and R3 together are (l)-(5), Ri is other than hydrogen. 

In a further aspect of the present invention are disclosed pharmaceutical 
compositions which comprise a compound of formula I in combination with a 
pharmaceutically acceptable carrier. 

In yet another aspect of the present invention are disclosed pharmaceutical 
compositions which comprise a compound of formula I in combination with another 
chemotherapeutic agent and a pharmaceutically acceptable carrier. 

In yet another aspect of the present invention is disclosed a method for inhibiting 
protein isoprenyl transferases (i.e., protein famesyltransferase and/or 
geranylgeranyltransferase) in a human or lower manmial, comprising administering to the 
patient a therapeutically effective amount of a compound compound of formula L 

In yet another aspect of the present invention is disclosed a method for inhibiting 
post-translational modification of the oncogenic Ras protein by protein famesyltransferase, 
protein geranylgeranyltransferase or both. 

In yet another aspect of the present invention is disclosed a method for treatment of 
conditions mediated by famesylated or geranylgeranylated proteins, for example, treatment 
of Ras associated tumors in humans and other mammals. 

In yet another aspect of the present invention is disclosed a method for inhibiting or 
treating cancer in a human or lower manmial comprising administering to the patient a 
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795 therapeutically effective amount of a compound of the invention alone or in combination 
with another chemotherapeutic agent 

In yet another aspect of the present invention is disclosed a method for treating or 
preventing intimal hyperplasia associated with restenosis and atherosclerosis in a mammal 
comprising administering to the mammal a therapeutically effective amount of a compound 

800 of claim 1. 

The compounds of the invention can comprise asynunetrically substituted carbon 
atoms. As a result, all stereoisomers of the compounds of the invention are meant to be 
included in the invention, including racemic mixtures, mixtures of diastereomers, as well as 
single diastereomers of the compounds of the invention. The terms "S" and "R" 
805 configuration, as used herein, are as defined by the lUPAC 1974 Recommendations for 
Section E, Fundamental Stereochemistry, Pure Appl. Chem. (1976) 45, 13-30, which is 
hereby incorporated herein by reference. 

Detailed Description 

810 Definitions of Terms 

As used herein the terms Xys," "Glu," "Leu," "Lys,""Met," "nor-Leu," 
"nor-Val," The," "Ser" and "Val" refer to cysteine, glutamine, leucine, lysine, methionine, 
norleucine, norvaline, phenylalanine, serine and valine in their L-, D- or DL forms. As 
used herein these amino acids are in their naturally occuring L- form. 

815 As used herein, the term "carboxy protecting group" refers to a carboxylic acid 

protecting ester group employed to block or protect the carboxylic acid functionality while 
the reactions involving other functional sites of the compound are carried out. Carboxy 
protecting groups are disclosed in Greene, "Protective Groups in Organic Synthesis" pp. 
152-186 (1981), which is hereby incorporated herein by reference. In addition, a carboxy 

820 protecting group can be used as a prodrug whereby the carboxy protecting group can be 
readily cleaved in vivo (for example by enzymatic hydrolysis) to release the biologically 
active parent. T. Higuchi and V. Stella provide a thorough discussion of the prodrug 
concept in "Pro-drugs as Novel Delivery Systems", Vol 14 of the A.C.S. Symposium 
Series, American Chemical Society (1975), which is hereby incorporated herein by 

825 reference. Such carboxy protecting groups are well known to those skilled in the art. 
having been extensively used in the protection of carboxyl groups in the penicillin and 
cephalosporin fields (as described in U.S. Pat. No. 3,840,556 and 3,719,667, the 
disclosures of which are hereby incorporated herein by reference). Examples of esters 
useful as prodrugs for compounds containing carboxyl groups can be found on pages 14-21 

830 of "Bioreversible Carriers in Drug Design: Theory and Application", edited by E.B. Roche, 
Pergamon Press, New York (1987), which is hereby incorporated herein by reference. 
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Representative carboxy protecting groups are C, to Cg loweralkyl (e.g., methyl, ethyl or 
tertiary butyl and the like); arylalkyl. for example, phenethyl or benzyl and subsututed 
derivatives thereof such as alkoxybenzyl or nitrobenzyl groups and the like; arylalkenyl. for 
example, phenylethenyl and the like; aiyl and substituted derivatives thereof, for example. 
5-indanyl and the like; dialkylaminoalkyl (e.g.. dimethylaminoethyl and the like); 
alkanoyloxyalkyl groups such as acetoxymethyl, butyryloxymethyl. valeryloxymethyl, 
isobutyryloxymethyl. isovaleryloxymethyl. l-(propionyloxy)-l-ethyl. l-(pivaloyloxyl)-l- 
ethyl, l-methyl-l-(propionyloxy)-l-ethyl. pivaloyloxymethyl. propionyloxymethyl and the 
like; cycloalkanoyloxyalkyl groups such as cyclopropylcarbonyloxymethyl. 
cyclobutylcarbonyloxymethyl.cyclopentylcarbonyloxymethyl, 
cyclohexylcarbonyloxymethyl and the like; aroyloxyalkyl. such as benzoyloxymethyl, 
benzoyloxyethyl and the like; arylalkylcarbonyloxyalkyl, such as benzylcarbonyloxymethyl. 
2-benzylcarbonyloxyethyl and the like; alkoxycarbonylalkyl or cycloalkyloxycarbonylalkyl. 
such as methoxycarbonylmethyl. cyclohexyloxycarbonylmethyl, 1-methoxycarbonyl-l- 
ethyl, and the like; alkoxycarbonyloxyalkyl or cycloalkyloxycarbonyloxyalkyl. such as 
methoxycarbonyloxymethyl,t-butyloxycarbonyloxymethyl. 1-ethoxycarbonyloxy-l -ethyl. 

1- cyclohexyloxycarbonyloxy-l-ethyl and the like; aryloxycarbonyloxyalkyl. such as 2- 
(phenoxycarbonyloxy)ethyl, 

2- (5-indanyloxycarbonyloxy)ethyl and the like; alkoxyalkylcarbonyloxyalkyl, such as 2-(l- 
methoxy-2-methylpropan-2-oyloxy)ethyl and like; arylalkyloxycarbonyloxyalkyl. such as 2- 

(benzyloxycarbonyloxy)ethyl and the like; arylalkenyloxycarbonyloxyalkyl, such as 2-(3- 
phenylpropen-2-yloxycarbonyloxy)ethyl and the like; alkoxycarbonylaminoalkyl, such as 
t-butyloxycarbonylaminomethyl and the like; alkylaminocarbonylaminoalkyl, such as 
methylaminocarbonylaminomethyl and the like; alkanoylaminoalkyl, such as 
acetylaminomethyl and the like; heterocycliccarbonyloxyalkyl. such as 4- 
methylpiperazinylcarbonyloxymethyl and the like; dialkylaminocarbonylalkyl, such as 
dimethylaminocarbonylmethyl, diethylaminocarbonylmethyl and the like; (5-(loweralkyl)-2- 
oxo-l,3-dioxolen-4-yl)alkyl. such as (5-t-butyl-2-oxo-l,3-dioxolen-4-yl)methyl and the 
like; and (5-phenyl-2-oxo-1.3-dioxolen-4-yl)alkyl, such as (5-phenyl-2-oxo-1.3-dioxolen- 

4-yl)methyl and the like. 

Preferred carboxy-protected compounds of the invention are compounds wherein the 
protected carboxy group is a loweralkyl. cycloalkyl or arylalkyl ester, for example, methyl 
ester, ethyl ester, propyl ester, isopropyl ester, butyl ester, sec-butyl ester, isobutyl ester, 
amyl ester, isoamyl ester, octyl ester, cyclohexyl ester, phenylethyl ester and the like or an 
alkanoyloxyalkyl, cycloalkanoyloxyalkyl. aroyloxyalkyl or an arylalkylcarbonyloxyalkyl 
ester. 
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The term "N-protecting group" or "N-protected" as used herein refers to those 
groups intended to protect the N-terminus of an amino acid or peptide or to protect an amino 
group against undersirabie reactions during synthetic procedures. Commonly used N- 
protecting groups are disclosed in Greene, "Protective Groups In Organic Synthesis," (John 
Wiley & Sons, New York (1981)), which is hereby incorporated herein by reference. N- 
protecting groups comprise acyl groups such as formyl, acetyl, propionyl, pivaloyl, t- 
butylacetyl, 2-chloroacetyl, 2-bromoacetyl. trifluoroacetyl, trichloroacetyl. phthalyl, o- 
nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl. 4- 
nitrobenzoyl. and the like; sulfonyl groups such as benzenesulfonyl. p-toluenesulfonyl and 
the like; carbamate forming groups such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, 
p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl. 2-nitrobenzyloxycarbonyl. p- 
bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl. 3,5- 
dimethoxybenzyloxycarbonyl. 2,4-dimethoxybenzyloxycarbonyl, 

4-methoxybenzyloxycarbonyl. 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3.4.5- 

trimethoxybenzyloxycarbonyl, 
l-(p-biphenylyl)-l-methylethoxycarbonyl,a,a-dimethyl-3.5-dimethoxybenzyloxycarbonyl, 

benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl, 
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2.2,2,- 
trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9- 
methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl, 
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; alkyl groups such as benzyl, 
triphenylmethyl, benzyloxymethyl and the like; and silyl groups such as trimethylsilyl and 
the hke. Preferred N-protecting groups are formyl. acetyl, benzoyl, pivaloyl. t-butylacetyl, 
phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). 

The term "alkanoyl" as used herein refers to R29C(0)- wherein Rjg is a loweralkyl 
group. The alkanoyl groups of this invention can be optionally substituted. 

The term "alkanoylaminoalkyl" as used herein refers to a loweralkyl radical to which 
is appended R^j-NH- wherein R7, is an alkanoyl group. The alkanoylaminoalkyl groups of 

this invention can be optionally substituted. 

The term "alkanoyloxy" as used herein refers to R29C(0)-0- wherein R29 is a 

loweralkyl group. The alkanoyloxy groups of this invention can be optionally substituted. 

The term "alkanoyloxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended an alkanoyloxy group. The alkanoyloxyalkyl groups of this invention can be 

optionally substituted. 

The term "alkenyl" as used herein refers to a straight or branched chain hydrocarbon 
containing bom 2 to 10 carbon atoms and also containing at least one caibon-carbon double 
bond. Examples of alkenyl include -CH=CH2. -CH2CH=CH2. -C(CH3)=CH2, 
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905 -CH2CH=CHCH3, and the like. The alkenyl groups of this invention can be optionally 
substituted. 

The term "alkenylene" as used herein refers to a divalent group derived from a 
straight or branched chain hydrocarbon containing from 2 to 20 carbon atoms and also 
containing at least one carbon-carbon double bond. Examples of alkenylene include 
910 -CH=CH-. .CH2CH=CH-, -C(CH3)=CH-, -CH2CH=CHCH2-, and the like. The 
alkenylene groups of this invention can be optionally substituted. 

The term "alkenyloxy" as used herein refers to an alkenyl group attached to the 
parent molecular group through an oxygen atom. The alkenyloxy groups of this invention 
can be optionally substituted. 
915 The term "alkenyloxy alky 1" as used herein refers to a loweralkyl group to which is 

attached an alkenyloxy group. The alkenyloxyalkyl groups of this invention can be 

optionally substituted. 

The term "alkoxy" as used herein refers to R30O- wherein R30 is loweralkyl as 

defined above. Representative examples of alkoxy groups include mcthoxy, ethoxy, t- 
920 butoxy and the like. The alkoxy groups of this invention can be optionally substituted. 

The term "alkoxyalkyl" as used herein refers to a loweralkyl group to which is 
attached an alkoxy group. The alkoxyalkyl groups of this invention can be optionally 
substituted. 

The term "alkoxyalkoxy" as used herein refers to R31O-R32O- wherein R31 is 
925 loweralkyl as defined above and R32 is an alkylene radical. Representative examples of 
alkoxyalkoxy groups include methoxymethoxy, ethoxymethoxy, t-butoxymethoxy and the 
like. The alkoxyalkoxy groups of this invention can be optionally substituted. 

The term "alkoxyalkyl" as used herein refers to an alkoxy group as previously 
defined appended to an alkyl group as previously defined. Examples of alkoxyalkyl 
930 include, but are not limited to, methoxymethyl, methoxyethyl, isopropoxymethyl and the 
like. The alkoxyalkyl groups of this invention can be optionally substituted. 

The term "alkoxyalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl radical 
to which is appended R5^-C(0)-0- wherein R^g is an alkoxyalkyl group. 

The term "alkoxyarylalkyl" as used herein refers to a an arylalkyl group to which is 
935 attached an alkoxy group. The alkoxyarylalkyl groups of this invention can be optionally 
substituted. 

The term " alkoxy carbonyl" as used herein refers to an alkoxy group as previously 
defined appended to the parent molecular moiety through a carbonyl group. Examples of 
alkoxycarbonyl include methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl and the 
940 like. The alkoxycarbonyl groups of this invention can be optionally substituted. The 
alkoxycarbonyl groups of this invention can be optionally substituted. 
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The term "alkoxycarbonylalkyl" as used herein refers to an alkoxylcarbonyl group as 
previously defined appended to a loweralkyl radical. Examples of alkoxycarbonylalkyl 
include methoxycarbonylmethyl, 2-ethoxycarbonylethyl and the like. The 
945 alkoxycarbonylalkyl groups of this invention can be optionally substituted. 

The term "alkoxycarbonylaminoalkyl" as used herein refers to a loweralkyl radical to 
which is appended R59-NH- wherein R^g is an alkoxycarbonyl group. The 
alkoxycarbonylaminoalkyl groups of this invention can be optionally substituted. 

The term "alkoxycarbonyloxyalkyl" as used herein refers to a loweralkyl radical to 
950 which is appended R63-O- wherein is an alkoxycarbonyl group. The 

alkoxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "alkylamino" as used herein refers to R35NH- wherein R35 is a loweralkyl 
group, for example, methylamino, ethylamino. butylamino, and the like. The alkylamino 
groups of this invention can be optionally substimted. 
955 The term "alkylaminoalkyl" as used herein refers a loweralkyl radical to which is 

appended an alkylamino group. The alkylaminoalkyl groups of this invention can be 

optionally substituted. 

The term "alkylaminocarbonylaminoalkyl" as used herein refers to a loweralkyl 
radical to which is appended R^q-QO^NH- wherein R^q is an alkylamino group. The 
960 alkylaminocarbonylaminoalkyl groups of this invention can be optionally substituted. 

The term "alkylene" as used herein refers to a divalent group derived from a su-aight 
or branched chain saturated hydrocarbon having from 1 to 10 carbon atoms by the removal 
of two hydrogen atoms, for example methylene, 1,2-ethylene, 1,1 -ethylene, 1,3-propylene, 
2,2-dimethylpropylene, and the like. The alkylene groups of this invention can be 
%5 optionally substituted. 

The term "alkylsilyloxy" as used herein refers to a loweralkyl group to which is 
attached -OSiRw'Rx Rv wherein Rw. Rx'. and Ry are selected from the group consisting 
of loweralkyl. 

The term "alkylsulfinyl" as used herein refers to R33S(0)- wherein R33 is a 

970 loweralkyl group. The alkylsulfinyl groups of this invention can be optionally substituted. 

The term "alkylsulfinylalkyl" as used herein refers to an alkyl group to which is 

attached a alkylsulfinyl group. The alkylsulfinylalkyl groups of this invention can be 

optionally substituted. 

The term "alkylsulfonyl" as used herein refers to R34S(0)2- wherein R34 is a 

975 loweralkyl group. The alkylsulfonyl groups of this invention can be optionally substimted. 

The term "alkylsulfonylalkyl" as used herein refers to a loweralkyl radical to which 

is appended an alkylsulfonyl group. The alkylsulfonylalkyl groups of tiiis invention can be 

optionally substituted. 
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The term alkylthioalkyl as used herein refers to a lower alkyl group as defined herein 
980 attached to the parent molecular moiety through a sulfur atom and an alkylene group. The 
alkylthioalkyl groups of this invention can be optionally substituted. 

The term "alkynyl" as used herein refers to a straight or branched chain hydrocarbon 
containing from 2 to 10 carbon atoms and also containing at least one carbon-carbon triple 
bond. Examples of alkynyl include -C^H, -CH2OCH. -CH2OCCH3. and the like. 
985 The alkynyl groups of this invention can be optionally substituted. 

The term "alkynylene" as used herein refers to a divalent group derived from a 
straight or branched chain hydrocarbon containing from 2 to 10 carbon atoms and also 
containing at least one carbon-carbon triple bond. Examples of alkynylene include -C^-, 
-CH2OC-, -CH2C^CH2-. and the like. The alkynylene groups of this invention can be 

990 optionally substituted. 

The term "amino" as used herein refers to -'NH2- 

The term "aminocarbonyl" as used herein refers to an amino group attached to the 
parent molecular group through a carbonyl group. The aminocarbonyl groups of this 
invention can be optionally substituted. 
995 The term "aminocarbonylalkyl" as used herein refers to an alkyl group to which is 

attached an aminocarbonyl group. The aminocarbonylalkyl groups of this invention can be 

optionally substituted. 

The term "aminoalkyl" as used herein refers to a loweralkyl radical to which is 
appended an amino group. The aminoalkyl groups of this invention can be optionally 
1000 substituted. 

The term "aminothiocarbonyl" as used herein refers to an amino group attached to 
the parent molecular group through a thiocarbonylcarbonyl (C=S) group. The 
aminothiocarbonyl groups of this invention can be optionally substituted. 

The term "aroyloxyalkyl" as used herein refers to a loweralkyl radical to which is 
1005 appended an aroyloxy group (i.e., R6i-C(0)0- wherein Rgj is an aryl group). The 
aroyloxyalkyl groups of tiiis invention can be optionally substituted. 

The term "aryl" as used herein refers to a mono- or bicycUc carbocychc ring system 
having one or two aromatic rings including, but not limited to, phenyl, naphthyl, 
tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups (including bicycUc aryl 
1010 groups) can be unsubstituted or substituted with one, two or three substituents 

independentiy selected from loweralkyl, haloalkyl, alkoxy. thioalkoxy, amino, alkylamino, 
dialkylamino, hydroxy, halo, mercapto, sulfhydryl, nitro, cyano, carboxaldehyde, carboxy, 
alkoxycarbonyl, haloalkyl-C(0)-NH-, haloalkenyl-C(0)-NH- and carboxamide. In 
addition, substituted aryl groups include tetrafluorophenyl and pentafluorophenyl. 
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The term "arylalkenyl" as used herein refers to an alkenyl radical to which is 
appended an aryl group. The arylalkenyl groups of this invention can be optionally 
substituted. 

The term "arylalkenyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended Rgg-O-QO-O- wherein R^g is an arylalkenyl group. The 
arylalkenyloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "arylalkoxy" as used herein refers to an alkoxy group to which is attached 
an aryl group. The arylalkoxy groups of this invention can be opuonally substituted. 

The term "arylalkyl" as used herein refers to a loweralkyl radical to which is 
appended an aryl group. Representative arylalkyl groups include benzyl, phenylethyl, 
hydroxybenzyl, fluorobenzyl. fluorophenylethyl and the like. The arylalkyl groups of this 
invention can be optionally substituted. 

The term "arylalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended an arylalkylcarbonyloxy group (i.e., R62C(0)0- wherein Rf,^ ^ 
arylalkyl group). The arylalkylcarbonyloxyalkyl groups of this invention can be optionally 
1030 substituted. 

The term "aryloxy" as used herein refers to an aryl group attached to the parent 
molecular group through an oxygen atom. The aryloxy groups of this invention can be 

optionally substituted. 

The term "aryloxycarbonyl" as used herein refers to an aryloxy group attached to the 
1035 parem molecular group through a carbonyl group. The aryloxycarbonyl groups of this 

invention can be optionally substituted. 

The term "aryloyl" as used herein refers to an aryl group attached to the parent 
molecular group through a carbonyl group. The aiyloyl groups of this invention can be 
optionally substituted. 

1040 The term "arylalkyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 

radical to which is appended R67-0-C(0)-0- wherein R^^ is an arylalkyl group. The 
arylalkyloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "aryloxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended K^yO- wherein R^j is an aryl group. The aryloxyalkyl groups of this invention 

1045 can be optionally substituted. 

The term "arylalkoxy" as used herein refers to an alkoxy radical to which is 
appended R^j-O- wherein R^s is an aryl group. The arylalkoxy groups of this invention 

can be optionally substituted. 

The term "arylalkyloxyalkyl" as used herein refers to a loweralkyl radical to which is 
1050 appended an arylalkoxy group. The arylalkyloxyalkyl groups of this invention can be 
optionally substituted. 
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The term "aryloxy" as used herein refers to R^j-O- wherein R^j is an aryl group. 
The aryloxy groups of this invention can be optionally substituted. The aryloxy groups of 
this invention can be optionally substituted. 
1055 The term "(aryOoyl" as used herein refers to an aryl group attached to the parent 

molecular group through a carbonyl group. The (aryl)oyl groups of this invention can be 

optionally substituted. 

The term "aryloxythioalkoxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended R75-S- wherein R75 is an aryloxyalkyl group. The 
1060 aryloxythioalkoxyalkyl groups of this invention can be optionally substituted. 

The tenn "aryloxycarbonyloxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended Rgs-O-QO)-©- wherein Rgg is an aryl group. The 
aryloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "arylsulfonyl" as used herein refers to R36S(0)2- wherein Rjg is an aryl 
1065 group. The arylsulfonyl groups of this invention can be optionally substituted. 

The term "arylsulfonyloxy" as used herein refers to R37S(0)20- wherein R37 is an 
aryl group. The arylsulfonyloxy groups of this invention can be optionally substituted. 
The term "carboxy" as used herein refers to -COOH. 

The term "carboxyalkyl" as used herein refers to a loweralkyl radical to which is 
1070 appended a carboxy (-COOH) group. The carboxyalkyl groups of this invention can be 
optionally substituted. 

The term "cyanoalkyl" as used herein used herein refers to a loweralkyl radical to 
which is appended a cyano (-CN) group. The cyanoalkyl groups of this invention can be 
optionally substituted. 
1075 The term "carboxaldehyde" as used herein used herein refers to -CHO. 

The term " (carboxaldehyde)alkyl" as used herein used herein refers to a 
carboxaldehyde group attached to a loweralkyl group. The (carboxaldehyde)alkyl groups of 
this invention can be option^y substituted. 

The terms "cycloalkanoyl" and "(cycloalkyl)oyl" refer to a cycloalkyl group attached 
1080 to the parent molecular group through a carbonyl group. The cycloalkanoyl and 
(cycloalkyl)oyl groups of this invention can be optionally substituted. 

The term "cycloalkanoylalkyl" as used herein refers to a loweralkyl radical to which 
is appended a cycloalkanoyl poup (i.e., RgQ-CCO)- wherein R^ isa cycloalkyl group). 
The cycloalkanoylalkyl groups of this invention can be optionally substimted. 
1085 The term "cycloalkylalkoxyalkyl" as used herein refers to an alkoxyalkyl group to 

which is attached a cycloalkyl group. The cycloalkylalkoxyalkyl groups of this invention 
can be optionally substituted. 
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The term "cycloalkenyl" as used herein refers to an alicyclic group comprising from 
3 to 10 carbon atoms and containing a carbon-caiton double bond including, but not limited 
1090 to, cyclopentenyl, cyclohexenyl and the like. The cycloalkenyl groups of this invention can 
be optionally substituted. 

The term "cycloalkoxy" as used herein refers to a cycloalkyl group attached to the 
parent molecular group through an oxygen atom. The cycloalkoxy groups of this invention 
can be optionally substituted. 
1095 The term "cycloalkoxyalkyl" as used herein refers to a loweralkyl group to which is 

attached a cycloalkoxy group. The cycloalkoxyalkyl groups of this invention can be 

optionally substituted. 

The term "cycloalkoxycarbonyl" as used herein refers to a cycloalkoxy group 
attached to the parent molecular group through a carbonyl group. The cycloalkoxycarbonyl 
1 1 00 groups of this invention can be optionally substituted. 

The term "cycloalkyl" as used herein refers to an alicyclic group comprising from 3 
to 10 carbon atoms including, but not Umited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, norbomyl. adamantyl and the like. The cycloalkyl groups of this invention can 
be optionally substituted. The cycloalkyl groups of this invention can be optionally 
1 105 substituted. 

The term "cycloalkylaminocarbonyl" as used herein refers to NHR60'C(O)- wherein 
R60' is a cycloalkyl group. The cycloalkylaminocarbonyl groups of this invention can be 

optionally substituted. 

The term "cycloalkylaminothiocarbonyl" as used herein refers to NHR6oC(S)- 
1 1 10 wherein RfiO' is defined above. The cycloalkylaminothiocarbonyl groups of this invention 
can be optionally substituted. 

The term "cycloalkylalkoxy" as used herein refers to an alkoxy radical to which is 
appended a cycloalkyl group. The cycloalkylalkoxy groups of this invention can be 
optionally substimted. 

1115 The term "cycloalkylalkoxyalkyl" as used herein refers to an alkyl radical to which is 

appended a cycloalkylalkoxy group. The cycloalkylalkoxyalkyl groups of tiiis invention can 

be optionally substituted. 

The term "cycloalkylalkoxycarbonyl" as used herein refers to a cycloalkylalkoxy 
radical attached to the parent molecular group through a carbonyl group. The 
1 120 cycloalkylalkoxycarbonyl groups of this invention can be optionally substituted. 

The term "cycloalkylalkyl" as used herein refers to a loweralkyl radical to which is 
appended a cycloalkyl group. Representative examples of cycloalkylalkyl include 
cyclopropyhnethyl. cyclohexylmetiiyl. 2-(cyclopropyl)ethyl, adamantylmethyl and the like. 
The cycloalkylalkyl groups of this invention can be optionally substituted. 
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1 125 The term "cycloalkyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 

radical to which is appended K^-0'C(byO- wherein is a cycloalkyl group. The 
cycloalkyloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "dialkoxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended two alkoxy groups. The dialkoxyalkyl groups of this invention can be optionally 

1130 substituted. 

The term "dialkyiamino" as used herein refers to R38R39N- wherein R38 and R39 are 
independently selected from loweralkyl, for example dimethylamino, diethylamino, methyl 
propylamino, and the like. The dialkyiamino groups of this invention can be optionally 
substituted. 

1 135 The term "dialkylaminoalkyl" as used herein refers to a loweralkyl radical to which 

is appended a dialkyiamino group. The dialkylaminoalkyl groups of this invention can be 
optionally substituted. 

The term "dialkyaminocarbonylalkyl" as used herein refers to a loweralkyl radical to 
which is appended R73-C(0)- wherein R73 is a dialkyiamino group. The 

1 140 dialkyaminocarbonylalkyl groups of this invention can be optionally substituted. 

The term "dioxoalkyl" as used herein refers to a loweralkyl radical which is 
substituted with two 0x0 (=0) groups. The dioxoalkyl groups of this invention can be 
optionally substituted. 

The term "dithioalkoxyalkyl" as used herein refers to a loweralkyl radical to which is 
1 145 appended two thioalkoxy groups. The dithioalkoxyalkyl groups of this invention can be 
optionally substituted. 

The term "halogen" or "halo" as used herein refers to I, Br, CI or F. 
The term "haloalkenyl" as used herein refers to an alkenyl radical, as defined above, 
bearing at least one halogen substituent. The haloalkenyl groups of this invention can be 
1 150 optionally substituted. 

The term "haloalkyl" as used herein refers to a lower alkyl radical, as defined above, 
bearing at least one halogen substituent, for example, chloromethyl, fluoroethyl or 
trifluoromethyl and the like. Haioalkyl can also include perfluoroalkyl wherein all 
hydrogens of a loweralkyl group are replaced with fluorides. • 
1 155 The term "heterocyclic ring" or "heterocychc" or "heterocycle" as used herein refers 

to a 5-, 6- or 7-membered ring containing one, two or three heteroatoms independently 
selected from the group consisting of nitrogen, oxygen and sulfur or a 5-membered ring 
containing 4 nitrogen atoms; and includes a 5-, 6- or 7-membered ring containing one, two 
or three nitrogen atoms; one oxygen atom; one sulfur atom; one nitrogen and one sulfur 
1 160 atom; one nitrogen and one oxygen atom; two oxygen atoms in non-adjacent positions; one 
oxygen and one sulfiir atom in non-adjacent positions; two sulfur atoms in non-adjacent 
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positions; two sulfur atoms in adjacent positions and one nitrogen atom; two adjacent 
nitrogen atoms and one sulfur atom; two non-adjacent nitrogen atoms and one sulfur atom; 
two non-adjacent nitrogen atoms and one oxygen atom. The 5-membered ring has 0-2 

1 165 double bonds and the 6- and 7-membered rings have 0-3 double bonds. The term 

"heterocyclic" also includes bicyclic, tricyclic and tetracyclic groups in which any of the 
above heterocyclic rings is fused to one or two rings independently selected from the group 
consisting of an aryl ring, a cyclohexane ring, a cyclohexene ring, a cyclopentane ring, a 
cyclopentene ring and another monocyclic heterocyclic ring (for example, indolyl, quinolyl, 

1 170 isoquinolyl, tetrahydroquinolyl, benzofuryl or benzothienyl and the like). Heterocyclics 
include: pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, 
imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinyl, 
piperazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazohdinyl, isoxazolyl, isoxazolidinyl, 
morpholinyl, thiomorpholinyl, thiazolyl, thiazolidinyl. isothiazolyl, isothiazolidinyl, 

1 175 indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, fiiryl, 

thienyl, thiazolidinyl, isothiazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrimidyl, 
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, dihydrothienyl, dihydroindolyl, 
tetrahydroquinolyl, teurahydroisoquinolyl, pyranyl, dihydropyranyl, dithiazolyl, 
benzofuranyl and benzothienyl. Heterocyclics also include bridged bicyclic groups wherein 

11 80 a monocyclic heterocyclic group is bridged by an alkylene group, for example, 

i:. CD. 4 

» » 

and the like. 

Heterocyclics also include compounds of the formula 




wherein X* is -CH2-, -CH2O- or -O- and Y* is -C(0)- or -(C(R")2)v - wherein R" is 
hydrogen or Ci-C4-alkyl and v is 1, 2 or 3 such as 1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl 
and the like. 

Heterocyclics can be unsubstituted or substituted with one, two, three, four or five 
1 190 substituents independently selected from the group consisting of 

a) hydroxy, b) -SH, c) halo, d) 0x0 (=0), e) thioxo (=S), f) aniino,g) -NHOH, h) 
alkylamino, i) dialkylamino, j) alkoxy, k) alkoxyalkoxy, 1) haloalkyl, m) hydroxyalkyi, n) 
alkoxyaikyl, o) cycloalkyl which is unsubstituted or substituted with one, two, three or four 
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Til- * 

loweralkyl groups, p) cycloalkenyl which is unsubstituted or substituted with one. two. 
1 195 three or four loweralkyl groups, q) alkenyl. r) alkynyl. s) aryl. t) arylalkyl. u) -COOH. v) 
-SO3H, w) loweralkyl, x) alkoxycarbonyl, y) -C(0)NH2, z) -C(S)NH2, aa) -C(-N- 
OH)NH2. bb) aryl-Li6-C(0)- wherein Ljg is an alkenylene radical, cc) -S-Li7-C(0)OR4o 
wherein L^^ is an alkylene radical which is unsubstituted or substituted with one or two 
substitutents independently selected from the group consisting of alkanoyl. 0x0 (=0) or 
1200 methinylamino (=CHNR4,R42 wherein R4, is hydrogen or loweralkyl and R42 is 

loweralkyl) and R40 is hydrogen or a carboxy-protecting group, dd) -S-Li8-C(0)NR43R44 
whei^in Lig is an alkylene radical which is unsubstituted or substituted with one or two 
substitutents independently selected from the group consisting of alkanoyl. 0x0 (=0) or 
methinylamino (=CHNR4iR42 wherein R4, is hydrogen or loweralkyl and R43 and R44 
1205 are independently selected from the group consisting of hydrogen, loweralkyl and aryl. ee) 
-S-L19-CN wherein L^g is an alkylene radical, ff) -S-L20-R45 therein L20 absent or is 
an alkylene radical or an alkenylene radical or an alkynylene radical wherein the alkylene. 
alkenylene or alkynylene radical is unsubstituted or substituted with 0x0 (=0) and R45 is 
hydrogen, aryl. arylalkyl or heterocyclic wherein the heterocyclic is unsubstituted or 
1210 substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl. hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino. N- 
protected amino, alkoxy. thioalkoxy and haloalkyl. gg) -O-L21-R46 wherein L21 is absent 
or is an alkylene radical or an alkenylene radical or an alkynylene radical wherein the 

alkylene, alkenylene or alkynylene radical is unsubstituted or substituted with one or two 
1215 substitutents independently selected from the group consisting of alkanoyl, 0x0 (=0) or 
methinylamino (=CHNR4,R42 wherein R4J is hydrogen or loweralkyl and R46 is 
hydrogen, aryl. arylalkyl or heterocyclic wherein the heterocyclic is unsubstituted or 
substituted with one. two or three substituents independently selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyl. halo, nitro. 0x0 (=0), amino. N- 
1220 protected amino, alkoxy, thioalkoxy and haloalkyl. hh) -O.S(0)2-R47 wherein R47 is aryl. 
arylalkyl. heterocycUc or heterocyclicalkyl wherein the heterocyclic is unsubstituted or 
substimted with one. two or three substituents independentiy selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyl. halo, nitro, 0x0 (=0). amino, N- 
protected amino, alkoxy. thioalkoxy and haloalkyl, ii) -S(0)2-NH-R48 wherein R48 is 
1225 aryl, arylalkyl. heterocyclic or heterocyclicalkyl wherein the heterocyclic is unsubstituted or 
substituted with one. two or three substituents independenUy selected from the group 
consisting of loweralkyl. hydroxy, hydroxyalkyl, halo, nitro. 0x0 (=0). amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl. jj) alkylsulfinyl. kk) alkylsulfonyl, 11) 
arylsulfonyl. mm) arylsulfonyloxy, rai) -C(=NOR49)C(0)OR5o wherein R49 is hydrogen 
1230 or loweralkyl and R50 is hydrogen or a carboxy-protecting group, 00) alkoxycarbonylalkyl. 
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pp) carboxyalkyl, qq) cyanoalkyl, rr) alkylaminoalkyl, ss) N-proiected alkylaminoalkyl, tt) 
dialkylaminoalkyl, uu) dioxoalkyl, vv) loweralkyl-C(0)-» ww) loweralkyl-C(S)-, xx) aryl- 
C(0)-, yy) aryl-C(S)-, zz) loweralkyl-C(0)-0-, aaa) loweralkyl-S-C(S)- bbb) N-protected 
amino, ccc) aininoalkyl-C(O)-, ddd) N-protected aniinoalkyl-C(O)- eee) aminoalkyl-C(S)-, 

1235 fff) N-protected aniinoalkyl-C(S)-, ggg) aminoalkyl, hhh) N-protected aminoalkyl, iii) 

formyl. jjj) cyano, kkk) nitro. 111) spiroalkyl, mmm) oxoaikyloxy. nnn) R53-L22-. wherein 
is alkenylene or alkynylene and R53 is aryl or heterocyclic wherein the heterocyclic is 
unsubstituted or substituted with one, two or three substituents independently selected from 
the group consisting of loweralkyl, hydroxy, hydroxyalkyi, halo, nitro, 0x0 (=0), amino, 

1240 N-protected amino, alkoxy, thioalkoxy and haloalkyl, 000) aryl-NH-C{0)-, ppp) R54- 
N=N- wherein R54 is aryl or heterocyclic wherein the heterocyclic is unsubstituted or 
substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl. hydroxy, hydroxyalkyi, halo, nitro, 0x0 (=0), amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl, qqq) =N-R55 wherein R55 is hydrogen, 

1245 aryl, heterocyclic, -S(0)2-aryl or -S(0)2-heterocyclic wherein the heterocyclic is 

unsubstituted or substituted with one, two or three substituents independently selected from 
the group consisting of loweralkyl, hydroxy, hydroxyalkyi, halo, nitro, 0x0 (=0), amino, 
N-protected amino, alkoxy, thioalkoxy and haloalkyl, rrr) diarylalkyl-N=N-, sss) aryl- 
N(R5^)- or arylalkyl-N(R55)- wherein R55 is hydrogen or an N-protecting group, ttt) aryl- 

1250 sulfonylalkyl, uuu) heterocyclicsulfonylalkyl wherein the heterocyclic is unsubstituted or 
substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyi, halo, nitro, 0x0 (=0), amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl, vvv) =C(CN)(C(0)NH2), www) 
^(CN)(C(0)0-loweralkyl), xxx) heterocyclic or heterocyclicalkyl wherein the heterocyclic 

1255 is unsubstituted or substituted with one, two or three substituents independently selected 
from the group consisting of loweralkyl, hydroxy, hydroxyalkyi, halo, nitro, 0x0 (=0), 
amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, yyy) hydroxythioalkoxy, zzz) 
aryloxyalkyl, aaaa) aryloxyalkylthioalkoxy, bbbb) dialkoxyalkyl, cccc) dithioalkoxyalkyl, 
dddd) arylalkyl-NH-L23- wherein L23 is an alkylene group, eeee) heterocyclicalkyl-NH- 

1260 L24- wherein L24 is an alkylene group, ffff) aryl-S(0)2-NH-L25- wherein L25 is an alkylene 
group, gggg) heterocycUc-S(0)2-NH-L26- wherein I^^ is an alkylene group, hhhh) aryl- 
C(0)-NH-L27- wherein L27 is an alkylene group and iiii) heterocyclic-C(0)-NH-L2g- 
wherein l^g is an alkylene group, juj) Ryy(CH2)n-X-Y-Z-(CH2)m wherein Ryy is 
cycloalkyl, aryl and loweralkyl, n amd m are independently 0-2, Z is O or absent, Y is 

1265 absent, CH2, CHOH or C(0), with the proviso that when X is O, Z is absent and with the 
proviso that when Z is O, X is absent and with the proviso that when Y is CHOH, X and Z 
are absent. 
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The term '*(heterocyclic)alkoxy'* as used herein refers to an alkoxy group to which is 
attached a heterocycle. The {heterocyclic)alkoxy groups of this invention can be optionally 

1270 substituted. 

The term "(heterocyclic)alkyr' as used herein refers to a heterocyclic group as 
defined above appended to a loweralkyl radical as defined above. Examples of heterocyclic 
alkyl include 2-pyridylmethyl, 4-pyridylmethyl, 4-quinolinylmethyI and the like. The 
(heterocyclic)alkyl groups of this invention can be optionally substituted. 

1275 The term "(heterocyclic)oxy" as used herein refers to a heterocycle connected to the 

parent molecular group through an oxygen atom. The (heterocyclic)oxy groups of this 
invention can be optionally substituted. 

The term "(heterocyclic )oxyalkyr' as used herein refers to a loweralkyl group to which is 
attached a (heterocyclic )oxy group. The (heterocyclic)oxyalkyl groups of this invention can 
1280 be optionally substituted. 

The term "(heterocyclic)alkoxyalkyr' as used herein refers to an alkoxyalkyl group 
to which is attached a heterocycle. The (heterocyclic)alkoxyalkyl groups of this invention 
can be optionally substituted. 

The term "heterocycliccarbonyloxy alkyl" as used herein refers to a loweralkyl radical 
1285 to which is appended R72-C(0)-0- wherein is a heterocyclic group. The 

heterocycliccarbonyloxyalkyl groups of this invention can be optionally substituted. 
The term "hydroxy" as used herein refers to -OH. 

The term "hydroxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended an hydroxy group. The hydroxyalkyl groups of this invention can be optionally 
1290 substituted. 

The term "hydroxyarylalkyl" as used herein refers to a arylalkyl group to which is 
appended a hydroxy group. The hydroxyarylalkyl groups of this invention can be 
optionally substituted. 

The term "hydroxythioalkoxy" as used herein refers to R51S- wherein R5 j is a 

1295 hydroxyalkyl group. The hydroxythioalkoxy groups of this invention can be optionally 
substituted. 

The term "loweralkyl" as used herein refers to branched or straight chain alkyl 
groups comprising one to ten carbon atoms, including methyl, ethyl, propyl, isopropyl, n- 
butyl, t-butyl, neopentyl and the like. The loweralkyl groups of this invention can be 
1300 optionally substituted. 

The term "N-protected alkyiaminoalkyl" as used herein refers to an alkylaminoalkyl 
group wherein the nitrogen is N-protected. The N-protected alkylaminoalkyl groups of this 
invention can be optionally substituted. 

The term "nitro" as used herein refers to -NO2. 
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1305 The term "oxo" as used herein refers to (=0). 

The term "oxoalkyloxy" as used herein refers to an alkoxy radical wherein the 
loweralkyl moiety is substituted with an oxo (=0) group. The oxoalkyloxy groups of this 
invention can be optionally substituted. 

The term "oxyamino(alkyl)carbonylalkyr' as used herein refers to a 
1310 -0-NR-C(0)-R' group wherein R and R* are loweralkyl. 

The term "oxyamino(arylalkyl)carbonyIalkyl" as used herein refers to a 
-0-NR^3-C(0)-R group wherein R^3 is arylalkyl and R is loweralkyl. 

The term "oxyaminocarbonylalkyl" as used herein refers to -0-NH-C(0)-R group 
wherein R is loweralkyl. 
1315 The term "spiroalkyl" as used herein refers to an alkylene diradical, both ends of 

which are bonded to the same carbon atom of the parent group to form a spirocyclic group. 
The spiroalkyl groups of this invention can be optionally substituted. 
The term "sulfhydryl" as used herein refers to -SH. 

The term "sulfhydrylalkyl" as used herein refers to a loweralkyl group to which is 
1320 attached a sulfhydryl group. The sulfhydrylalkyl groups of this invention can be optionally 
substituted. 

The term "thioalkoxy" as used herein refers to R52S- wherein R52 is loweralkyl. 
Examples of thioalkoxy include, but are not limited to, methylthio, ethylthio and the like. 
The thioalkoxy groups of this invention can be optionally substituted, 
1325 The term "thioalkoxy alkyl" as used herein refers to a thioalkoxy group as previously 

defined appended to a loweralkyl group as previously defined. Examples of thioalkoxyalkyl 
include thiomethoxymethyl. 2-thiomethoxyethyl and the like. The thioalkoxyalkyl groups 
of this invention can be optionally substituted. 

The term "thiocycloalkoxy" as used herein refers to a cycloalkyl group attached to 
1330 the parent molecular group through a sulfur atom. The thiocycloalkoxy groups of this 
invention can be optionally substituted. 

The term "thiocycloalkoxyalkyl" as used herein refers to a lo\yeralkyl group to 
which is attached a thiocycloalkoxy group. The thiocycloalkoxyalkyl groups of this 
invention can be optionally substituted. 
1335 Preferred eqibodments 

Preferred compounds of the invention are compounds of formula I wherein R| is 
unsubstituted or substituted phenyl and R2 is -C(0)NH-CH(Ri4)-C(0)ORi5 or 
-C(0)NH-CH(Ri4)-C(0)NHS02Rl6 wherein L2, R14 R15 and R16 are defined above. 

1340 More preferred compounds of the invention are compounds of formula I wherein Rj 

is unsubstituted or substituted phenyl and R2 is 
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Still more preferred compounds have formula I wherein R3 is selected from the 
group consisting of (a) pyridyl, (b) imidazolyl, and (c) furyl wherein the pyridyl, 
imidazolyl, or furyl group may be substituted with 1, 2 or 3 substituents selected from the 
group consisting of aryl, loweralkyl, halo, nitro, haloalkyl, hydroxy, hydroxyalkyl, amino, 
N-prptected amino, alkoxy, and thioalkoxy. 

Still more preferred compounds of the invention have the structure defined 
immediately above wherein R| is unsubstituted or substituted phenyl and R2 is 

H H 

.CO2R15 \|^N^C02Ri5 

° s 

SCH3 ^ (b) S02CH3^ 



O 



(a) 



o 



N^CONHS02Ri6 



1355 (C) 



SCH3 



H 



O 



N.^02Ri5 



(d) 



Y 

' .or(e) 



H 

N>^CONHS02Ri6 



Y 



The most preferred compounds have the structure defined immediately above 
1360 wherein R3 is unsubstituted or substituted pyridyl or imidazolyl. 
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Protein Famesvltransferase Inhibition 
The ability of the compounds of the invention to inhibit protein famesyltransferase 
or protein geranylgeranyltransferase can be measured according to the method of Moores, et 
1365 al., J. Biol. Chem, 266: 14603 (1991) or the method of Vogt, et al., J. Biol. Chem. 
270:660-664 (1995). In addition, procedures for determination of the inhibition of 
famesylation of the oncogene protein Ras are described by Goldstein, et al., J. Biol. 
Chem., 266:15575-15578 (1991) and by Singh in United States Patent No. 5,245,061. 

In addition, in vitro inhibition of protein famesyltransferase may be measured by the 
1370 following procedure. Rat brain protein famesyltransferase activity is measured using an 
Amersham Life Science commercial scintillation proximity assay kit and substituting a 
biotin-K Ras B fragment (biotin-Lys-Lys-Ser-Lys-Thr-Lys-Cys-Val-Ile-Met-C02H), 0.1 
mM final concentration, for the biotin-lamin substrate provided by Amersham. The enzyme 
is purified according to Reiss, Y., et al., Cell, 62: 81-88 (1990), utihzing steps one through 
1375 three. The specific activity of the enzyme is approximately 10 nmol substrate 

famesylated/mg enzyme/hour. The percent inhibition of the famesylation caused by the 
compounds of the invention (at 10 x 10"^ M) compared to an uninhibited control sample is 
evaluated in the same Amersham test system. 

The % inhibition of protein famesyltransferase was determined for representative 
1380 compounds of the invention. The results are summarized in Table I. 
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Tables 1-5 

In Vitro Potencies of Representative Gompounds 
Table 1. Inhibition of famesyltransferase 

1385 
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OJ 


AOO 

oyy 


7/1 

/4 






/uu 


AQ 
05 




07 


7m 


04 


jOJ 


07 

7 / 


7n7 
/UZ 


7Q 

/y 




Oj 


7rM 


A7 
0 / 


jO I 


Q 1 
Ol 


7n^ 


77 

/z 


JOO 


7 1 


7nA 
/UO 


JJ 




517 


7/^7 
/U/ 


AA 
00 


J /u 


OO 


7nQ 
/Uo 


7A 
/O 


'371 


'00 


7nQ 


JJ 




07 


7in 


4J 


373 


76 


711 


46 


374 


61 


712 


69 


375 


68 


713 


40 


376 


80 


714 


56 


377 


71 


715 


67 


378 


54 


717 


75 
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380 


45 


718 


40 


381 


79 


750 


44 


382 


>50 


752 


58 


383 


>50 


753 


55 


387 


>50 


754 


40 


388 


>50 


755 


44 


390 


>50 


756 


47 


639 


44 


757 


58 


659 


55 


758 


46 


663 


43 


759 


49 


664 


75 


952 


>50 


669 < 


52 


955 


50 


670 


78 


974 


>50 


672 


48 
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Table 2. Inhibition of famcsyltxansferase 





Example 


% inhibition 
at 1X10-6 M 


Example 


% inhibition 
at 1X10-6 M 






92 


583 


98 




1 JO 


2 


587 


97 




1 SQ 


84 


595 


97 






30 


607 


96 




1 U 1 


54 


610 


94 




lux 


12 


613 


97 






1 o 


617 


99 




1 


09 
y^ 


620 


98 




1 


74 

/ *T 


626 


61 




lOO 


07 

y 1 


627 


85 




ID / 


OR 


632 


43 




16R 


02 
y Lt 


633 


32 




iOJ 


OR 

70 


636 


72 








641 


34 




1 

lOJ 


O'^ 


642 


48 




1 8^ 
1 oo 


R6 


644 


54 




1 R7 
1 o / 


6R 

VJO 


386 


>50 




1 oo 


40 


399 


>50 




IRQ 


RR 
oo 


403 


99 




ion 


4 


404 


98 




101 
iy L 


xo 


405 


98 




109 


05 


406 


95 




10*^ 
lyj 


4 


407 


98 




106 


4^ 


435 


96 




107 


1 
1 


451 


85 




901 




452 


96 




909 


^ 1 


453 


90 




90'^ 


76 


456 


81 




904 


08 


457 


92 




90^ 


08 
yo 


460 


88 




206 


67 


463 


91 




207 


98 


465 


92 




208 


98 


466 


93 
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zuy 


/H 






oil 




212 


12 


213 


QQ 


214 


0*7 

y/ 


215 


o2 


216 


O/ 


217 


An 
99 


218 


89 


219 


56 


220 


92 


221 


55 


222 


A 1 

41 


223 


63 


224 


A 1 

41 


225 


93 


226 


23 


227 


94 


228 


39 


231 


50 


233 


65 


234 


4 


235 


AC 

95 


237 


rvo 

98 


238 


oo 
22 


239 


AT 

97 


240 


AO 

98 


241 


A t 

41 


242 


AA 

99 


243 


oo 
23 


244 . 


21 


245 


50 


248 


79 


249 


77 


250 


96 



467 


9/ 


468 




A iCA 

469 




A TA 

470 


Qc 

95 


471 


A>1 

94 


472 


AT 

97 


473 


A^ 

96 


AHA 

474 


AO 

92 


>f OC 

475 


-O 1 

21 


A^^ 

476 


A 1 

91 


ji TT 
477 


98 


A^O 

478 


no 

98 


479 


95 


>1 OA 

480 


OT 

87 


>t O 1 

481 


AC 

95 


488 


A 1 

41 


Af\A 

494 


96 


495 


95 


496 


93 


A AT 

497 


94 


498 


98 


499 


98 


500 


98 


501 


O A 

84 


502 


T A 

24 


503 


T 

57 


504 


90 


CAC 

505 


TO 

72 


CAT 

507 


AC 

95 


CAT 

507 


96 


508 


r*c 

95 


509 


TT 

77 


510 


84 


512 


94 


513 


96 


514 


94 
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252 


98 


515 


72 


253 


99 


516 


95 


254 


96 


525 


99 


255 


98 


528 


99 


256 


98 


529 


99 


257 


98 


530 


94 


258 


98 


537 


97 


259 


98 


540 


40 


260 


98 


645 


37 


261 


98 


646 


58 


262 


98 


649 


86 


263 


99 


650 


68 


264 


98 


651 


33 


265 


98 


652 


41 


266 


97 


653 


62 


267 


96 


655 


35 


268 


98 


657 


32 


269 


98 


658 


73 


270 


98 


661 


45 


271 


84 


662 


68 


272 


96 


665 


55 


273 


96 


666 


82 


274 


94 


667 


83 


276 


98 


671 


. 36 


277 


98 


673 


59 


278 


99 


677 


37 


279 


99 


682 


31 


280 


98 


691 


34 


281 


98 


693 


53 


282 


76 


694 


45 


283 


98 


696 


57 


284 


83 


697 


39 


286 


84 


703 


40 


287 


24 


716 


69 


288 


22 


719 


90 


289 


23 


720 


70 
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290 


74 


291 


23 


292 


36 


294 


98 


2QS 


94 


296 


89 


297 


65 


29R 


4'^ 


299 


94 




22 




9R 


"^02 


^ i 




99 

yy 




99 




99 




R2 




62 




9R 




9R 


'^1 1 


97 




94 


J 1*T 


97 

7 / 


J 1 J 


9^^ 

7-J 


^ 1 u 


61 


^^17 


S4 


J 1 o 


9R 

70 


J 1" 


70 


'^20 


91 

7 J 




00 


"^22 


QR 

70 




9R 

70 




9R 

70 


325 


An 

99 


326 


91 


327 


97 


328 


96 



721 


83 


722 


96 


723 


87 


724 


87 


72S 


78 


726 


81 




95 


144 


84 


749 

/ *t7 


84 


751 


32 


764 


88 


765 


76 


76R 


67 


11 \ 


11 


772 


79 


11'^ 


41 


114 


4R 

"TO 


775 


32 


llfs 


36 


111 
til 


Rl 


7R2 


96 

7U 


7R6 


14 


7R7 


70 


7RR 


44 


7R9 

/ 07 


86 


790 

/ 7V/ 


88 


791 

7 i 


53 


792 

/ 7^ 


RR 

oo 


791 

/ 7 J 


94 

7*T 


794 


92 

7^ 


796 

f 7\/ 


15 


797 

/ 7 / 


35 


806 


72 


807 


90 


808 


88 


809 


78 
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329 

330 

331 

332 

333 

334 

343 

344 

345 

346 

347 

348 

349 

379 

541 

542 

544 

545 

546 

547 

550 

728 
552 
553 
554 
555 
556 
557 
560 
561 
564 
565 

566 
568 



98 
98 
98 
26 
99 
93 
72 
95 
91 
98 
95 
66 
99 
21 
37 
67 
35 
88 
97 
91 
96 
78 

88 
92 
96 
85 
99 
93 
91 
91 
98 
94 

98 
93 



810 

812 

813 

816 

824 

831 

832 

834 

835 

844 

846 

850 

862 

866 

867 

868 

872 

878 

879 

886 

889 

902 

903 
908 
910 
911 
918 
923 
924 
925 
926 
936 

937 
962 



89 
94 
95 
87 
90 
92 
80 
55 
96 
92 
85 
90 
95 
62 
71 
89 
74 
95 
95 
35 
95 
85 

78 
88 
42 
65 
97 
78 
77 
87 
69 

69 
95 
>50 
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569 


91. 


964 


>50 


572 


91 


979 


26 


575 


70 


982 


64 


576 


88 


987 


93 


577 


94 


988 


. 92 


582 


99 


989 


88 
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Table 3, Inhibition of famesyltransferase 





% inhibition 




% inhibition 


P vQiTirilp 


at 1X10-7 M 


Example 


at 1X10-7 M 


434 


01 

yj 




yyj 


436 


QO 

oy 




7'^ 
/ J 


437 


oy 


/ 


yo 


438 


y\) 


f J I 


fi^ 


439 


oU 


/ jz 


o*+ 


440 


92 


IJJ 


fid 


441 


91 


77/1 


AO 
Hy 


442 


OO 

88 


71^ 


yO 


443 


97 


/JO 


yO 


AAA 

444 


95 


7'57 


yD 


A A C 

445 


94 


1 

/JO 




A A £. 

446 


n 1 
91 


71Q 


03 


447 


91 


/4U 


QA 


A AO 

448 


92 


■7/1 1 

/4i 


CO 


A Af\ 

449 


91 


/42 


Q7 
O / 


450 


96 


/43 


J 1 


A CC 

455 


o ^ 

83 


/4J 


yj 


A CO 

458 


on 
87 


7/1^ 
/40 


9.A 


459 


92 


/4/ 


Oo 


461 


93 


7AQ 
/HO 


^A 


A /CO 

462 


91 


7AQ 

/oy 


y\J 


A IZA 

464 


OiC 

86 


77n 
/ /U 


Q 1 


A OO 

482 


96 


7Q 1 
/ol 


01 

y i 


483 


95 


7Q< 


QA 


AO A 

484 


97 


70^ 


fi7 

o / 


y| O C 

485 


Ail 

96 


7QC 
/Vo 


AC 

yj 


486 


AT 

97 


7QQ 

fyy 


yo 


A on 
487 


O 1 

81 


o\a) 


7A 


489 


o6 




ft7 

o / 


Add 
490 


/U 


oUZ 


OO 


491 


94 


811 


85 


492 


95 


814 


81 


493 


51 


815 


71 
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< 1 1 


oz 


R17 

O i f 


60 

\J\J 


< 1 Q 




SIR 


78 




07 

y / 


OZZ 




1 

jli 


OA 

y4 


. OZJ 


7S 




0*; 

yj 


RO^ 

OZJ 


7Q 

/ 7 
/ 




07 


R'^Q 
ojy 






00 

yy 


RdO 






VD 


RSd 


78 


jU 


y / 


R^^ 


7^ 


531 


/4 


R^A 
oJO 


07 

7 / 


532 


QQ 
OO 


8^7 


07 

7Z 


533 


y 1 


ojy 


oO 


534 


o4 


oOl 


DJ 




<sy 




79 


53o 


/y 


o04 


RA 
o4 


con 

53y 


©y 


RA^ 
603 


0^ 

70 


54o 


OO 


RAO 

ooy 


00 

7Z 


C/10 

34y 


yo 


R7A 


on 

7U 


cc 1 
551 


yj 


O /D 


07 

7Z 


55o 


O / 


R7^ 
o /D 


07 

7Z 


ceo 

55y 


yo 


oy 1 


74 


5oz 


oc 

y5 


oyj 


R7 
O / 


C/i1 

5o3 


oc 

y5 


oy4 


RQ 

oy 


5 /U 


OO 

yz 


oyj 


Q7 

7Z 


5/1 


OO 


©yo 


OA 
7O 


5 /3 






0^ 

7J 


5 /4 


Q 1 

ol 


yuo 


RR 
00 


5 /o 


on 

yu 


Ol 7 

y iz 


R^ 

OJ 


5 /y 


oo 

yz 


oi 
y 1 J 


RO 
07 


con 
5oU 


on 

yu 


Ql A 

y 14 


01 

y 1 


CQ 1 

5ol 


yo 


017 


7R 
/O 


5o4 


yo 


Ql 0 

y\.y 


01 

7 1 


c n c 

585 


96 


921 


82 


589 


91 


929 


81 


590 


95 


931 


98 


592 


93 


933 


91 
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593 


86 


935 


72 


594 


95 


940 


92 


597 


75 


941 


90 


600 


93 


945 


80 


601 


92 


947 


79 


602 


97 


948 


75 


604 


86 


949 


57 


609 


95 


950 


71 


611 


95 


951 


71 


615 


94 


959 


>50 


616 


95 


983 


66 


618 


89 


984 


86 


621 


98 


990 


84 


622 


95 


993 


90 
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Table 4. Inhibition of famesyltransferase 





% inhibition 




% inhibition 


Example 


at 1X10-8 M 


Example 


at 1X10-8 M 


384 


91 


851 


82 


397 


50 


852 


79 


398 


>50 


853 


85 


400 


98 


858 


60 


401 


66 


860 


85 


408 


>95 


870 


91 


409 


84 


871 


94 


410 


94 


873 


97 


517 


92 


877 


68 


518 


90 


880 


95 


567 


69 


881 


69 


586 


90 


882 


79 


588 


68 


883 


91 


591 


82 


884 


94 


599 


86 


885 


95 


603 


94 


887 


92 


605 


68 


888 


86 


606 


93 


892 


59 


608 


91 


897 


76 


612 


96 


898 


82 


614 


92 


899 


88 


619 


95 


901 


84 


760 


95 


904 


85 


762 


84 


905 


86 


763 


92 


907 


79 


766 


95 


909 


79 


767 


97 


916 


96 


779 


70 


920 


96 


780 


71 


922 


96 


803 


95 


927 


74 


804 


95 


928 


84 


805 


96 


930 


66 


819 


76 


932 


60 
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820 


66 


y 


/ i 


821 


75 




01 


826 


92 


939 


11 


827 


77 


942 


CO 


828 


87 


943 


79 


829 


92 


944 


88 


833 


78 


946 


52 


836 


95 


954 


> 50 


837 


91 


958 


> 50 


838 


92 


960 


^ CA 

> 50 


840 


73 


985 


89 


841 


93 


986 


95 


842 


88 


991 


69 


843 


96 


992 


93 


845 


85 


994 


83 


847 


85 


995 


92 


848 


87 


996 


80 
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Table 5. Inhibition of geranylgeranyltransferase I. 



Example 


Activity 


387 


> 50% inhibition at 1 X 10*6 M 


388 


> 50% inhibition at 1 X lO"'' M 


389 


> 50% inhibition at 1 X 10*6 M 


390 


> 50% inhibition at 1 X 10-5 M 


392 


>.50% inhibition at 1 X 10-5 M 


399 


> 50% inhibition at 1 X 10-6 M 


953 


> 50% inhibition at 1 X lO-^ M 


955 


> 50% inhibition at I X lO-'' M 


962 


> 50% inhibition at 1 X 10*7 M 


964 


> 50% inhibition at 1 X 10*6 M 


966 


> 50% inhibition at 1 X 10-6 M 


967 


> 50% inhibition at 1 X 10*6 M 


969 


> 50% inhibition at 1 X 10-5 M 


974 


> 50% inhibition at 1 X 10-5 M 



Table 6. Inhibition of famesyliransferase at concentrations of 10 mM and 1 mM unless 
specified as * (0.1 mM) or ** (0.01 mM) ^_ 



Example 


% inhibition 
10 mM 


% inhibition 
1 mM 


Example 


% inhibition 
10 mM 


% inhibition 
1 mM 


997 






1199 




71 


998 




79** 


1200 




97* 


i 999 




90 


1201 




73* 


i 1000 




82* 


1202 




96** 


1001 




92** 


1203 




84* 


1002 




82** 


1204 




93* 


1003 




92* 


1205 




55** 


1004 




92** 


1206 




63** 


1005 




95** 


1207 




91* 


1006 




95** 


1208 




89* 


1007 




85** 


1209 




87* 


1008 




95** 


1210 




64** 


1009 




86** 


1211 




94 


1010 




90* 


1212 




86* 
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1011 




92** 


1213 


1 79** ! 


1012 




88* 


1214 




92** I 


1013 




80* 


1215 




1 

\i i 


; 1014 




91 


1216 




88** 


1015 




59* 


1217 




87* 


1 1016 




92* 


1218 




54** 


1017 




51* 


1219 




85** 


1 1018 




97 


1220 






i 

! 1019 




70 


1221 




82** 


1020 




39 


1222 




89* 


! 1021 




93* 


1223 




91** 


1 1022 




91 ** 


1224 




88* 


i 

! 1023 




g9** 


1225 




92** 


i 1024 




89** 


1226 


i 69** 


i ■ — 

1 1025 




91 ** 


1227 


91 


1026 




74** 


1228 


i 88* 


1027 




81** 


1229 




66** 


1028 




92** 


1230 




77** ' 


i 1029 




82** 


1231 




93* 1 


! 1030 




92** 


1232 




68** ! 


j 1031 




9Q** 


1233 




77** 


i 1032 




93** 


1234 




71** 


! 1033 




76** 


1235 




86** 


i 

I 1034 




77 


1236 




83** 


1035 




76 


1237 




^9** 


1036 




79 


1238 




9 J** 


1037 




88 


1239 




85* 


1038 




57 


1240 




64** 


1039 




g9** 


1241 




74* 


1040 




90** 


1242 




75* 


1041 




48 


1243 




95* 






oo 
oo 


1244 




84 


1043 




90* 


1245 




92 


1044 




76* 


1246 




82 1 
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• 1045 




86* 


1247 




— — 1 

95* ! 


1046 




93 


1248 




88 1 


i 1047 




95 


1249 


■ r 


89 


i 1048 




78** 


1250 




79** 


1049 




93** 


1251 




9]** 


1050 




62** 


1252 




84* 


' 1051 






1253 




•76* 


'i 1052 




91** 


1254 




67 


! 1053 




60** 


1255 




82* 


i 1054 






1256 




95* 


! 1055 




85** 


1257 




93** 




1056 




75** 


1258 




97** 




1057 




82* 


1259 




89** 


t — 

1 1058 




89 


1260 


1 90** 


I 1059 




92* 


1261 


i 


94 


u 


1060 




42 


1262 




95 


H 

t 


1061 




88* 


1263 




85* 




1062 




93 


1264 




83** 


1063 




92** 


1265 




90 


i 1064 




95** 


1266 




85* 




1065 




78* 


1267 




96 


1 

i 


1066 




73** 


1268 




95* 


1 


1067 




93* 


1269 ■ 




84** 




1068 




79** 


1270 




9^*« 




1069 




74* 


1271 




78** 




1070 




93** 


1272 




73** 




1071 




95* 


1273 




94* 




1072 




82* 


1274 




89* 




1073 




93** 


1275 




86** 




1074 




82 


1276 




88** 




1075 




90** 


1277 




90** 




1076 




69** 


1278 




68 




1077 




93** 


1279 




87** 




1078 




86* 


1280 




78** 
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! 1079 




90 


1281 




1 


1 

; 1080 




87 


1282 




^0* ■ 


j 

I 1081 




61 


1283 




74* ! 
. 1 


1 1082 




84* 


1284 






1 1083 




88 


1285 




QA 




1084 




76** 


1286 








1085 




93* 


1287 






t 


1086 




87* 


1288 








1087 




76* 


1289 




yj 




1088 




73* 


1290 




on 




1089 




86* 


1291 








1090 




81** 


1292 








1091 




.87* 


1293 








1092 




"74** 


1294 


___ i 






1093 




95** 


1295 


i 

i 




1094 




96** 


1296 


i 

1 


1095 




76* 


1297 






1096 




86* 


1298 
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1400 Additional methods for the measurement of in vitro inhibition of protein prenylation 

(i.e., inhibition of famesyltransferase or geranygeranyltransferase) are described below. 

Assays are performed using the glass fiber filter binding assay procedure with either 
rabbit reticulocyte lysate or FTase or GGTase I fractions isolated from bovine brains using a 
combination of hydrophobic and DEAE column chromatography procedures. Protein 

1405 substrates are purchased from Panvera Corporation (H-ras for FTase» H-ras-CVLL for 
GGTase I). Tritium labeled prenyl lipid substrates (FPP or GGPP) are obtained from 
Amersham Life Science. 

FTase 

1410 ^H-Famesyldiphosphate (final concentration 0.6 |XM), H-Ras (final concentration 

5.0 |iM) and the test compound (various fmal concentrations from a stock solution in 50% 
DMSO/water; fmal concentration DMSO < 2%) were mixed in buffer (50 mM HEPES (pH 
7.5), 30 mM MgCb, 20 mM KCl, 10 ^iM ZnCb, 5 mM DTT. 0.01% Triton X-lOO) to give 
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a final volume of 50 \iL. The mixture was brought to 37 "C, enzyme was added, and the 
1415 reaction is incubated for 30 nainutes. 1 mL of 1 M HCl/ethanol was added to stop the 
reaction, and the mixture was allowed to stand for 15 minutes at room temperature then 
diluted with 2 mL of ethanoi. The reaction mixture was filtered through a 2.5 cm glass 
microfiber filter from Whatman and washed with four 2 mL portions of ethanoi. The glass 
filter was uransferred to a scintillation vial and 5 mL of scintillation fluid was added. The 
1420 radioisotope retained on the glass fiber filter was counted to reflect the activity of the 

enzymes. The IC50 value was calculated by measuring the activity of the enzyme over a 
suitable range of inhibitor concentrations. 

QQTase I 

1425 ^H-geranylgeranyldiphosphate (final concentration 0.5 nM), H-Ras-CVLL (final 

concentration 5.0 \xM) and the test compound (various final concentrations from a stock 
solution in 1:1 DMSO/water; final concentration DMSO < 2%) were mixed in buffer (50 
mM Tris-HCl (pH 7.2), 30 mM MgCl2, 20 mM KCl, 10 \iM ZnC^, 5 mM DTT, 0.01% 
Triton X-100) to give a final volume of 50 \iL. The mixture was brought to 37 °C, treated 

1430 with enzyme, andincubated for 30 minutes. 1 mL of 1 M HCl/ethanol was added to stop the 
reaction, and the mixture was allowed to stand for 15 minutes at room temperature then 
diluted with 2 mL of ethanoi. The reaction mixture was filtered through a 2.5 cm glass 
microfiber filter from Whatman and washed with four 2 mL portions of ethanoi. The glass 
filter was transferred to a scintillation vial, and 5 mL scintillation fluid was added. The 

1435 radioisotope retained on the glass fiber filter was counted to reflect the activity of the 

enzymes. The IC50 value was calculated by measuring the activity of the enzyme over a 
suitable range of inhibitor concentrations. 

Additionally, the ability of the compounds of the invention to inhibit prcnylation in 
whole cells, inhibit anchorage-independent tumor cell growth and inhibit human tumor 

1440 xenograft in mice could be demonstrated according to the methods described in PCT Patent 
Application No. WO95/25086, published September 2 1 , 1 995 , which is hereby 
incorporated herein by reference. 

Pharmaceutical Compositions 

1445 The compounds of the present invention can be used in the form of pharmaceutically 

acceptable salts derived from inorganic or organic acids. These salts include, but are not 
limited to, the following: acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, 
cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptanoate, 

1450 glycerophosphate, hemisulfate, heptarioate, hexanoate, fiimarate, hydrochloride, 
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hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate, lactate, maleate, methanesulfonate, 
nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate. 3- 
phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, p- 
toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be 

1455 quatemized with such agents as loweralkyl halides (such as methyl, ethyl, propyl, and butyl 
chloride, bromides, and iodides), dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamyl 
sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides 
and iodides, aralkyl halides like benzyl and phenethyl bromides, and others. Water or oil- 
soluble or dispersible products are thereby obtained. 

1460 Examples of acids which may be employed to form pharmaceutically acceptable acid 

addition salts include such inorganic acids as hydrochloric acid, sulphuric acid and 
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and citric 
acid. 

Basic addition salts can be prepared in situ during the final isolation and purification 

1465 of the compounds of formula (I)-(Xn) or separately by reacting the carboxylic acid function 
with a suitable base such as the hydroxide, carbonate or bicarbonate of a pharmaceutically 
acceptable metal cation or with anunonia or an organic primary, secondary or tertiary amine. 
Such pharmaceutically acceptable salts include, but are not limited to. cations based on the 
alkali and alkaline earth metals such as sodium, lithium, potassium, calcium, magnesium, 

1470 aluminum salts and the like as well as nontoxic ammonium, quaternary ammonium, and 
amine cations including, but not limited to, ammonium, tetramethylammonium, 
tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine, 
ethylamine and the like. Other representative organic amines useful for the formation of 
base addition salts include diethylamine, ethylenediamine, ethanolamine, diethanolamine, 

1475 piperazine and the like. 

The compounds of the invention are useful (in humans and other mammals) for 
inhibiting protein isoprenyltransferases (i.e, protein famesyltransferase and/or protein 
geranylgeranyltransferase) and the isoprenylation (i.e., famesylation and/or 
geranylgeranylation) of Ras. These inhibitors of protein isoprenyltransferases are also 

1480 useful for inhibiting or treating cancer in humans and other mammals. Examples of cancers 
which may be treated with the compounds of the invention include, but are not limited to, 
carcinomas such as lung, colorectal, bladder, breast, kidney, ovarian, liver, exocrine 
pancreatic, cervical, esophageal, stomach and small intestinal; sarcomas such as oesteroma, 
osteosarcoma, lepoma, liposarcoma, hemanioma and hemangiosarcoma; melanomas such as 

1485 amelanotic and melanotic; mixed types of cancers such as carcinosarcoma, lymphoid tissue 
type, follicular reticulum, cell sarcoma and Hodgkins disease and leukemias, such as 
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myeloid, acute lymphoblastic, chronic lymphocytic, acute myloblastic and chronic 
mylocytic. 

The ability of the compounds of the invention to inhibit or treat cancer can be 
1490 demonstrated according to the methods of Mazerska Z., Woynarowska B., Stefanska B.. 
Borowski S., Drugs Exptl. Clin. Res. 13(6), 345-351 (1987) Bissery, M.C., Guenard F., 
Guerritte-Voegelein R, Lavelle F., Cancer Res. 51, 4845-4852 (1991) and Rygaard J., and 
Povlsen C, Acta Pathol. Microbiol. Scand. 77, 758 (1969), which are hereby incorporated 
herein by reference. 

1495 These inhibitors of protein isoprenyltransferases are also useful for treating or 

preventing restenosis in humans and other mammals. The ability of the compounds of the 
invention to treat or prevent restenosis can be demonstrated according to the methods 
described by Kranzhofer, R. et al. Circ. Res. 73: 264-268 (1993), Mitsuka, M. et al. 
Circ. Res. 73: 269-275 (1993) and Santoian, E.C et al. Circulation 88: 11-14(1993), 

1500 which are hereby incorporated herein by reference. 

For use as a chemotherapeutic agent, the total daily dose administered to a host in 
single or divided doses may be in amounts, for example, from 0.01 to 500 mg/kg body 
weight daily, preferably in amounts from 0. 1 to 20 mg/kg body weight daily and more 
preferably in amounts from 0.5 to 10 mgAcg body weight daily. Dosage unit compositions 

1505 may contain such amounts of submultiples thereof to make up the daily dose. 

For treatment or prevention of restenosis, the total daily dose administered to a host 
in single or divided doses may be in amounts, for example, from 0,001 to 1000 mg/kg body 
weight daily and more preferred from 1.0 to 50 mg/kg body weight daily. Dosage unit 
compositions may contain such amounts of submultiples thereof to make up the daily dose. 

1510 The amount of active ingredient that may be combined with the carrier materials to 

produce a single dosage form will vary depending upon the host treated and the particular 
mode of administration. 

It will be understood, however, that the specific dose level for any particular patient 
will depend upon a variety of factors including the activity of the specific compound 

1515 employed, the age, body weight, general health, sex, diet, time of administration, route of 
administration, rate of excretion, drug combination and the severity of the particular disease 
undergoing therapy. 

The compounds of the present invention may be administered orally, parenterally, 
sublingually, by inhalation spray, rectally or topically in dosage unit formulations containing 
1520 conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and vehicles. 
Topical administration may also involve the use of transdermal administration such as 
transdermal patches or iontophoresis devices. The term parenteral as used herein includes 
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subcutaneous injections, intravenous, intramuscular, intrastemal injection or infusion 
techniques. 

1525 Injectable preparations, for example sterile injectable aqueous or oleagenous 

suspensions, may be formulated according to the known art using suitable dispersing or 
wetting and suspending agents. The sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic parenterally acceptable diluent or solvent (as 
in a solution in 1,3-propanedioI, for example). Among the acceptable vehicles and solvents 

1530 that may be employed are water. Ringer's solution and isotonic sodium chloride solution. 
Additionally, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose, any bland fixed oil may be employed including synthetic mono- 
or diglycerides. Fatty acids such as oleic acid find use in the preparation of injectables. 
Suppositories for rectal administration of the drug can be prepared by mixing the 

1535 drug with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols 
which are solid at ordinary temperatures but liquid at rectal temperature and will therefore 
melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, 
powders and granules. In such solid dosage forms, the active compound may be admixed 

1540 with at least one inert diluent such as sucrose, lactose or starch. These dosage forms may 
also comprise additional substances other than inert diluents such as lubricating agents like 
magnesium stearate. With capsules, tablets and pills, the dosage forms may also comprise 
buffering agents. Tablets and pills mayalso be prepared with enteric coatings. 

Liquid dosage forms for oral administration may include pharmaceutically acceptable 

1545 emulsions, solutions, suspensions, syrups and elixirs containing inert diluents conunonly 
used in the art such as water. Such compositions may also comprise adjuvants such as 
wetting agents, emulsifying and suspending agents and sweetening, flavoring, and 
perfuming agents. 

The compounds of the present invention can also be administered in the form of 
1550 liposomes. As is known in the art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or multi-lamellar hydraied liquid 
crystals dispersed in an aqueous medium. Any non-toxic, physiologically aceptable and 
metabolizable lipid capable of forming liposomes can be used. The present compositions in 
liposome form can contain, in addition to a compound of the present invention, stabilizers, 
1555 preservatives, excipients and the like. The preferred lipids are the phospholipids and 
phosphatidyl cholines (lecithins), both natural and synthetic. 

Methods to form liposomes are known in the art. See, for example, Prescott, Ed., 
Methods in Cell Biologv . Volume XIV, Academic Press, New York, N.Y. (1976), p. 33 et 
seq., which is hereby incorporated herein by reference. 
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1560 While the compounds of the invention can be administered as the sole active 

pharmaceutical agent for the treatment of cancer, they can also be used in combination with 
one or more other chemotherapeutic agents. 

Representative examples of chemotherapeutic agents are described in HoUeb. et al.. 
Clinical Oncology > American Cancer Society, United States (1991) p 56 et seq., which is 

1565 hereby incorporated herein by reference These agents include alkylating agents such as the 
nitrogen mustards (mechloethamine, melphalan, chlorambucil, cyclophosphamide and 
ifosfamide), nitrosoureas (carmustine, lomustine, semustine, streptozocin), alkyl sulfonates 
(busulfan), triazines (dacarbazine) and ethyenimines (thiotepa, hexamethylmelamine); folic 
acid analogues (methotrexate); pyrimidine analogues (5-fluorouracil, cytosine arabinoside); 

1570 purine analogues (6-mercaptopurine, 6-thioguanine); antitumor antibiotics (actinomycin D, 
the anthracyclines (doxorubicin), bleomycin, mitomycin C, methramycin); plant alkaloids 
such as vinca alkaloids (vincristine and vinblastine) and etoposide (VP- 16); hormones and 
hormone antagonists (tamoxifen and corticosteroids); and miscellaneous agents (cisplatin, 
taxol and brequinar). 

1575 The above compounds to be employed in combination with the isoprenyl protein 

transferase inhibitor of the invention will be used in therapeutic amounts as indicated in the 
Physicians' Desk Reference (PDR) 47th Edition (1993), which is incorporated herein by 
reference or by such therapeutically useful amounts as would be known to one of ordinary 
skill in the art. 

1580 The compounds of the invention and the other chemotherapeutic agent can be 

administered at the recommended maximum clinical dosage or at lower doses. Dosage 
levels of the active compounds in the compositions of the invention may be varied to obtain 
a desired therapeutic response depending on the route of administration, severity of the 
disease and the response of the patient. 

1585 When administered as a combination, the therapeutic agents can be formulated as 

separate compositions which are given at the same time or different times, or the therapeutic 
agents can be given as a single composition. 

Preparation of the Compounds of the Invention 
1590 In general, the compounds of the invention can be prepared by the processes 

illustrated in the following Schemes 1-16. In these general schemes compounds of the 
formula I are used to exemplify the methods, but the methods are intended to be applicable 
to all of the compounds of the invention. 
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1 ) triphosgene _ 
"^■^-"^ *Rla R30C(0)NHCh/^^S',3 ' 

1)thiophosg9ne 
T— R2 2)R30H/Cua 

^ ^ R30C(S)NHCH2'^^R 



K, i)soci2 ^/"^ 

H— R2 2) R3OH/CUCI 

II -■ — R2 





H2NCH2 'R,^ R30S(0)NHCH2'^^^ 



Ria 



D. Ri 

Jl -j— R2 2)R30H/CuCI 
H2NCH2'^^R,3 ^S(0)2NHCH2'^^g^''' 



la 
1620 



-74- 



• •' wo ^8/50030 



PCT/US98/09297 



SCHEME 11 



X< 1)NaN02/HBF4 ^/ ^ 

J-RZ 2)R3SH/NaH 



B. R 



la 



^ 1)triphosgene ^/^^ 

2)R3SHI if^^l 
H2N^^Ria R3SC(0)NH^'^S'^^ 



v^^K. 1 )thiophosgene 1 

JL p-R2 2)R3SH ll^'i-Rs 

1= R3SC(S)NI-r ^R^a 



1)S0C12 . 
•^la R3SS(0)NH^^^R^^ 



R3SS(0)2NI-r^q. 
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>^ l)triphosgene / ^ 

-j— Rg 2) R3SHI /X, 

"la R3SC(0)NHCH2'^^R^^ 

B. Ri 

XK, 1)thiophosgene 

^— R2 2)R3SH 

"la R3SC(S)NHCH2-'^*R 

••la 



'X, 1)S0Cl2 /"I 

-|— Rg 2)R3SH 

R3SS(0)NHCH2'^^^R^^ 



^ 1) SOfeCt /'^l 

-R2 2) RjSH (j^^ 





H2NCH2-^^^ J ,i-R2 

R3SS(0)2NHCH2^^^R 

1625 
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B. 



HO 




HS 



^^j— R2 NaH/Cu 
Ria . 



X = halide 




Rg-X 

^^R2 NaH 



X = haf ids 




Ri 



-R2 



W ^R,3 




c. 



D. 



H2 




R2 pyridine 



X = halide 



HOCH2 



"1a 



R3-X 
NaH 



X = halide 



E. 




HSCH2 



^^R2 NaH 



X = halide 



R2 



J — R2 




RaSCHz^ ^"^R^ 



Ri 
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SCHE M E 14 



A. .R 




X, (Ph3P)2Pd(OAC)2 

-4— Ro R,-X r^'^ 



X = halida 



Lindlar catalyst y 
Rg-CCr^^R,^ R3-HC=CH-^\^^ 



R3-HC=CH^\^^ R3-H2C-CH2^Xa 

/Rl R 

/X, 1.V-(Ph2P)r ^/ ^ 

D. ferrocene PdClj j| R 



"C=C 'Ria CO R3-C(0)OcA-^g', 

Rj-Br "la 



/Rl /Rl 
Lindlar catalyst ^'^^'^C 

VR2 ^ X >R2 

.Ri • /Rl 

F. r>R2 I .^R2 



R3-C(0)CH=CH^^^R^3 R;-C(0)CH2-CH2^^^r,^ 
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SCHEME 15 



R3S 




MCPBA 



R3SO2 




Rla 



R2 



B. 



HSCH2 



1) R3CH2X 

2) MCPBA 



HS-^Rla 



X = halide 



n — 

R3CH2S02^"-*^R,^ 




.Ri 

^ 1) RaCHjX 

^ Q 2) MCPBA 



Rla X = halide RaSOaCHa''^ ^r^^ 



R2 



Hz 




^ RjCHaSQjCI 



<1a 




RaSOgNH^^'g',^ 



R2 



1635 



HaNCHa^^^R,^ 




R3SO^HCH2'''^*R 



Scheme 16 illustrates an alternative method for preparing compounds wherein R2 is 
-C(0)NH-CH(Ri4)-C(0)ORi5 or 




1640 as defined above. 
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w NHaCH(R,4)C02R,s 
^ CO2H I ^c(0)NHCH(Ru)C02Ri5 




\ 
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Table 6. Amines of the Type A^B^N-Lj 

1645 




1650 4 5 6 




7 8 9 
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1670 




28 29 30 

1675 
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40 41 42 



1690 




1695 49 50 51 
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S02Me 



N CO2H 
H 




SI 53 54 



SMe 
H ^ 




SOoMe 

H 





1700 




SMe 

H 




SOpMe 

I. 



N COoH 
H ^ 




SMe 

H 



55 56 57 



1705 




SOjMe 



N CO2H 
H 




SMe 



N COoH 
H ^ 



58 59 60 



^ S02Me SMe (T"^ SOgMe 

O ^ " ^ 0 





X02H jl ^1 \[ C02H 




"CO2H 
H 
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1710 




70 71 72 
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1720 




1725 79 80 81 
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1730 




88 89 90 
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1740 




97 98 99 
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SMe 



•r°iD «r°-o -r-x^ 




S02Me 



N CO2H 
n 




SMe 



N CO2H 



i03 104 105 




SMe 




SOzMe 



six' -Ya/ 

rvj 02H f|^*[ ^ c 02H 




SMe 



jsj^^OaH 



^•^V ^"^v ^"^V ^ 



106 107 108 
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1755 



1760 




SOaMe 



N XO2H 

H 




SMe 

H 




SOaMe 



N "CO2H 
H 



109 110 111 




SMe 



SOaMe 



O2S 




SOgMe 

.1. . 



N CO2H 
H 



112 113 114 



SOaMe 




115 116 117 
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1765 




124 125 126 

1770 
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1775 130 131 132 




133 134 135 
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\ \ \ 

139 140 141 




142 143 144 
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151 152 153 
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1800 




157 158 159 
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169 170 171 

1815 



-98- 



wo 98/50030 



PCT/US98/09297 




.6-^0-0 ^^-Q O^-O 

o"^ o' 

\ \ \ 

172 173 174 



1820 




178 179 180 
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1825 




SOaMe 



SOsMe 



cj-v .^yC- .^r-.- 






181 182 183 



1830 




SMe 




S02Me 



S02Me 



H 1' 




6 



184 185 186 




SMe 




SOsMe 




SMe 



N CO2H 
H 



.3>^oO ji^-O P^-O 



187 188 189 
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196 197 198 
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1830 205 206 207 
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214 215 216 

1860 
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1870 



1875 





SOjMe ll 
O ^ O 

H Jj 



SMe 



6 



226 227 228 




SOjMe 




SMe 

H 



S02Me 



229 230 231 



6 6 





S02Me 



N CO2H 
H 



232 233 234 
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1880 235 236 237 




241 242 243 
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250 251 252 
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1900 




0-0- Cno- )>o- 

259 260 261 

1905 



- 108- 





SMe 



N CO2H 




SOoMe 
I CO2H 




SMe 



H ^ 



265 266 267 



X3 



X3 



S02Me 




268 269 270 
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1915 



1920 




SMe 

I.. 



N CO2H 
H 




S02Me 



N COoH 
H 




SMe 

H 



271 272 273 




SMe 



N CO2H 
H ^ 




SOaMe 



N CO2H 




SMe 



N CO2H 



fl-.- fi--- .p-"- 

^ ^ 



274 275 276 




S02Me 



N ^COaH 




SMe 




SOaMe 



P-O- P^'- 

^ 



277 278 279 
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SMe (T S02Me 
O ^ ^ 0 





M COaH -CO2H 



p-\- p-\- _p-\' 

J O2S S^^ 

^ ^ ^ 



280 281 282 



SOaMe 




283 284 285 




SMe 




S02Me 

.1... 



^C02H (j ^[ ^1 ^^sH 




SMe. 



02S' 



02S 



O2S 



286 287 288 
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1935 




1940 295 296 
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307 308 
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1960 



1965 




1970 3 1 5 3 1 6 




317 318 
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1975 



1980 




1985 325 326 




327 328 
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1990 




329 330 



1995 




2000 335 336 




337 338 
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2020 




351 352 

2025 




2030 355 356 
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357 358 



2035 



2040 




363 364 
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2045 365 366 
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2100 



2105 



2110 




23 24 



2115 
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25 26 



2120 



2125 




31 32 

2130 




33 34 
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2135 



2140 




39 40 

2145 



2150 
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2170 





2180 




59 60 

2185 
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2190 



2195 



2200 
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2205 



2210 



2215 




79 80 



- 130- 




- 131 - 



wo 98/50030 



PCT/US98/09297 . 



2235 



2240 



2245 




99 100 



- 132- 



wo 98/50030 



PCT/US98/09297 
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109 110 
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113 114 
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119 120 
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147 148 
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<xrc 




149 150 



SOsVte 



H ^ 




2325 



2330 




157 158 

2335 
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2340 



2345 




167 168 

2350 
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2355 



2360 




177 178 



2365 
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2370 



2375 




187 188 



2380 
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2390 




197 198 



2395 



- 142- 



wo 98/50030 PCT/US98/09297 




2400 201 202 



2405 




206 208 
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9 10 



2510 




2515 15 16 
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N COgMe 




SMe 




N CO2M8 



SMe 
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Nx^COgMe 



SMe 
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N^^COgMe 
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Table 11. Bromides of the type B-Br 

Bn 
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2570 




1 



N^COgMe 





Br 




Nx^COaMe 



10 c) 



.SOjMe 



N^COaMe 
13 6 V^SOaMe 





Brv 




N^COaMe 
O v^SOaMe 



N^COaMe. 



19 6 



SMe 




N COaMe 



SMe 




H 

Nv^COgMe 
2 0 ^SMe 




® 0 V^SMe 




,N.^ COaMe 
11 6 V^SOaMe 




H 

COaMe 
O V^SOgMe 




,N.^ COaMe 
17 o \/SOaMe 



COaMe 



SMe 




20 6 




COaMe 



SMe 




OMe 





.N COaMe 




SOgMe 



,N^^ COaMe 
O V^^SOjMe 




,N^^ COaMe 
18 O V^SOaMe 




SMe 
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N COzMe 



SMe 





SMe 



N^COaMe 



SMe 



2575 



Br, 




■ Br 



28 o 



N^COaMe 



OH 




31 6 



N.,^^C02Me 



OH 




N^COaMe 




37 



H 



OMe 




29 5 



H 

N^COgMe 



^OH 



N^^COgMe 




" ,N COgMe 



35 o 



^OH 




38 o V. 

OMe 




N^COsMe 



30 6 



OMe 




1 H 

' N^COaMe 



33 ^ 



OH 



N^^COjMe 




OMe 




40 5 



N^^COaMe 



OMe 




43 '6 



2580 



N COaMe 



OMe 




OMe 



N^COaMe 



OMe 




I H 

- N COgMe 



OMe 




N COgMe 



45 6 



OMe 
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NH 



P S 

76 77 78 79 80 81 



,NH2 NH2 NHj NH2 N 

K K K 

EtS^N'^ Propyl-S^^'^ Pentyl-S-^N'*^ Hexyl-S'-^N/'N Heptyl-S^^^^ 
82 83 84 85 86 



/"^ MeNH, 



2 



Octyl-S-^fl'^ isoPentyl-S-^^'^ HO(CH2)2S-^N'''^ 

87 88 89 <^ 90 




2645 



2650 
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.POgMe COgMe 



COjMe 



NHo 



176 b 



177 b 



178 



NH, 



0 

179 



2685 



COjMe ^COjMe 
180 s - 



181 S 



COaMe COjMe 
182 s 183 s 



HQ COjMe HO. COgMe 



COaMe 



COgMe 



l^nY^m, ^^3^W^NH, 0'^K^NH, O^Y^ 
184 s 185 s 188 S 187 s 



^COgMe COgMe S— { ' &— ^ 

0V^NH3 C^^^H^ S^'Y^'"' 
188 S 18a S 190 191 



COjMe 



NH, 



2690 



HM COjMg 



HgN COgMe HjN^COjMe HjN COgMo ^J^ ^jT^ 



O 192 



6 193 



SMe 
195 



CO;Me 



COjMe 



196 



197 



MeON HON 



H,N CO,Me 



n 

N 
H 

198 



^ COgMe ^COjMe 



S^N 

NHg 
199 



S^N 

NH; 

200 



2695 



COjMe 



NHg 

201 




COgMd 



S ^ \- COgMe ( CO;Mo HN^ COgMe ^^'||, 

CF3 NH, NHg O NHg NHg 

202 203 204 205 206 



COgMe 
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Table 13. Acids of the type A-CO2H 

COjH , COjH COzH CO2H po^H cOjH COjH 

0 ^ 0 (^o Co 

1 2 3 Br ^ 5 6 7 



2715 



MeO CO2H r^^^^^ 



8 OH 




.CO2H ^ /^^^^ CO2H 



Y 



11 



12 



COjH cOjH COjH cOoH O. .COgH COjH MeO COjH 

4 d y 



13 14 15 



16 



S 
17 



18 



19 




C02H 



dCOgH CO2H ^COgH 

/=\ /— \ MeO CO2H 



iPrSOa-^^^ iPrSOg^ 

^ SMe SOjMe SMe S(0)Me 

20 21 22 23 



S(0)Me 
24 . 25 



2720 



.CO2H Etc CO2H TsO COgH FaC---^^^^^^ /^^^^ 



iPrSOs 



26 



27 



Is 



0 

29 
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36 37 38 




39 40 41 
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• N 
Boc-NH— (^^J 





H 



Boc-NH^ ^COoH Boc-NH^ "CO2H Boc-NH" "CO2H Boc-NH'^COaH 
173 174 175 176 




^ .NH 



OH OH 

Boc-NH'^COzH Boc-NH^COjH Boc-NH'^CO,H Boo-NH'^COaH Boc-NH'^COjH 
177 178 179 180 181 




2785 



HO 



N-0 ^^-o 




Boc-NW^COzH Boc-NH CO2H Boc-NH COoH Boc-NH'^ CX)2H 



182 



183 



184 



185 



COaH 



COjH 



186 o 



NH-Boc 



COjH 



CO2H 



NH-Boc 



187 o 



NH-Boc 



188 b 



189 b 
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Hq. CO2H HO COgH CO2H 



COaH 



(^N.^,^^ NH-Boc (^N^,^^ NH-Boc ^N-.^^ NH-Boc (^N-..^^ NH-Boc 



190 b 



191 b 



192 b 



193 o 



jCOgH COgH 

..CO2H COjH /—^ ^ 

S^^Y^ NH-BOC S^NY^ NH-BOC X ^ 
194 o 195 o 196 197 



^ri^ NH-BOC C'^Y^'^"-^'^H0«'-O'*Y^NH.B0C hO^O'S^ 
198 s " 



NH-Boc 



199 S 



200 s 



201 s 



2795 



HQ, COjH HO COgH COjH 



COjH 



(^NY~" NH-Boc (^N^^ NH-Boc ^Ny^NH-Boc S^Ny^NH-Boc 



202 s 



203 s 



204 S 



205 s 
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.COsH COjH 

On^nh-b- C^hY^nh-boc 

206 S 207 s 208 209 



2800 



2805 




230 231 232 233 234 235 



2810 




239 240 241 242 243 
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CHO CHO CHO CHO 
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CHO CHO CHO CHO CHO 
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Table 15. Alcohols of the type A-OH 
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OH PH OH PH ^^sP^ \_V°^ 
68 69 70 71 72 73 74 75 



3060 



3065 




- 198- 



wo 98/50030 



PCTAJS98/09297 




- 199- 



wo 98/50030 



PCT/US98r09297 




-200- 



wo 98/50030 PCT/US98/09297 




177 178 179 180 181 182 183 



3100 



3105 




3110 



-201 - 



wo 98/50030 



PCT/US98/09297 



3115 



3120 




254 255 



-202- 




-203- 



3140 



3145 



3150 



WO 98/50030 PCT/US98/09297 ' 

OH OH ,0H pH o 

28B " 289 BOC Boi BocHN-\^ 292 

290 291 



OH /-OH ..-OH ^^^OH ...^^0H 

293 Boc 294 Boc 295 Boc 296 Boc 297 




N 




OH ^/^OH H y.^OH 

Bod- 'W n!|^o 




WKJ _ ..J. 



OH 




HN.p^. hA J" HN-„_. T„302 



N--, N-, >ri\ 

<;X <'s\ s X 

— ^ 306 




Boc-NH''^CH20H Boc-NH CH2OH Boc-NH'XHaOH Boc-NH CH2OH 
308 309 310 311 

N--, N--. N-, lVt=^ 






Boc-NH CH2OH Boc-NH"^CH20H Boc-NH'^CH20H Boc-NH CH2OH 
312 313 314 315 

a 

Boc-NH CH2OH Boc-NH'^CH20H Boc-NH^CHaOH 
316 317 318 



-204- 



3155 



3160 



WO 98/50030 PCT/US98/09297 

CH2OH ^CHaOH CH2OH ^ CH2OH 

/3?N-^NH-Boc (^^V^NH-Boc ^N^^NH-Boc C^N~>5^^NH-Boc 

319 O 320 o 321 o 322 O 

PH2OH CH2OH 

PH2OH CH2OH r-\ r~( 

/—\ r~\ S^N..^NH-BocS. ^N^^NH-Boc 

S^N^NH-Boc S^N^NH-Boc X 1) X b 

323 o 324 o 325 326 



CH2OH ^CHaOH . _CH20H ^CHgOH 

^N^^NH-Boc [j^^^m-Eoc <3^^X-NH-Boc S^N^v^NH-Boc 
327 S 328 § 329 s 330 S 



OHoOH CH2OH 
PH2OH CH2OH s-{ S-^ 

C JM-^/^NH-Boc C 



JM-^X^NH-Boc ,N^.^f 
^N^NH-Boc (^NY^NH-Boc X ^ X ^ 



'NH-Boc 

331 S 332 . S 333 334 



Boc-NH PH2OH 

Boc-NH CH2OH Boc-NH 



NH CH2OH Boc-NH CH2OH / p )=\ 
^-S^ W^^-^S o sMe 



O 335 O 336 O 337 338 



MeON HON 
Boc-NH CH2OH /-CH2OH j^-CH20H 

PH2OH / — . CH2OH r=^ /=\ 

N=<' Boc-NH W N > S^N S^N 

BOC-NH---^ O o '2. NH-Boc NH-Boc 

339 340 342 343 



v^CHgOH Boc-NH,jDH20H ^ O^H 



3165 



NH-Boc CF3 NH-Boc NH-Boc O NH-Bcc 

344 345 346 347 348 



-205- 



wo 98/50030 



PCT/US9Sy09297 



349 



'CH2OH 



350 



'CH2OH 



CH2OH ^CHaOH 



351 



352 



CH2OH 



NH-Boc 
353 



PH2OH v:h20H CH2OH CH2OH PH2OH 

r-\ /H2OH ^ ^ g / 2 

S N-Boc r-\ S^N-Boc (/^N-Boc (.N-Boc .N-Boc 

}\ S^N-Boc X, ^ 

354 355 356 



357 



358 



359 



3170 




OH 



N 



Me02 



N 
360 



QH 
361 




OH OH OH OH 

N'^NMea 

363 364 365 



362 




-206- 




OH^ ^ PH ^ ^ OH 
Boi: 418 419 Boer-'-- ^ ^ 422 



Boc 423 



3195 



-207- 



wo 98/50030 PCT/US98/09297 

BOCNK,^ BOCNK,^ BOCNK,,^^ BOCNH,, 

qJC^""CH20H gjC^'-'XH^OH ^J^^CH,QH X^OH^OH 

H H H ^ H 

424 425 426 427 

BOCNhL^ BOCNhi^ BOCNHi^ BOCNH 

H H H . H 

428 429 430 431 



OH OH OH OH 

432 433 434 435 



S^=^^^^^ CHjOH S'X^"" CH2OH 
H H 

436 437 



-208- 



wo 98/50030 



PCTAJS98/09297 



Table 16. Mercaptans of the type A-SH 
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3380 Table 17. Halides of the type A-Cl, A-Br, and A-I 
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3495 Table 18. Sulfonyl chlorides of the type A-SO2CI 
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The foregoing may be better understood by reference to the following examples 
which are provided for illustration and not intended to limit the scope of the inventive 
concept. 

In Tables 2-10, the abbreviation bz=benzoyl, bn=benzyl, Ph=phenyl, BOC=t- 
3525 butyloxycarbonyl and TS=p-toluenesulfonyL 

Compound 1 
(3-fAminomethvnbenzovn-Met-OCH^ 

3tgpA 

3530 (3-(Chloromethvnbenzovn-Met-OCH^ 

To a solution of methionine methyl ester hydrochloride (2.0 g, 10 mmol) and 3- 
(chloromethyl)benzoyl chloride (2.08 g, 1 1.0 mmol) in methylene chloride (50 mL) was 
slowly added triethylamine (3.07 mL, 22.0 mmol) at ice bath temperature for 2 hours. The 
mixture was washed with 0.5 N HCl (50 mL x 2), brine (50 mL x 2) and water (50 mL x 2) 

3535 then dried over anhydrous MgS04 and concentrated under reduced pressure. The residue 

was purified by flash colunm chromatography (30% ethyl acetate in hexanes) to give the 
desired product (3.03 g) as a white solid: m.p. 82-83°C; 

NMR (CDCI3) d 7.82 (IH, s), 7.74 (IH, d, 7=7.7 Hz), 7.53 (IH, d, 7=7.7 Hz), 7.42 

(IH, t, 7=7.7 Hz), 7.06 (IH, br d, 7=7.6Hz), 4.92 (IH, ddd, 7=7.6, 7.1, 5.1 Hz), 4.59 
3540 (2H, s), 3.78 (3H, s), 2.58 (2H, t, 7=7.1Hz) 2.26 (IH, sm), 2.15 (IH, m), 2.10 (3H, s); 
13c NMR (CDCI3) d 172.59, 166.54, 138.13, 134.25, 131.95, 129.12, 127.42, 126.97, 

52.72, 52,14. 45.55, 31.47, 30.12, 15.55. 

StepB 

3545 (3- fAzidomethy l)benzoyl)-Met-0CH^ 

A suspension of (3-(chloromethyl)benzoyl)-Met-OCH3 (1.58 g, 5.0 mmol) and sodium 
azide (L3 g, 20.0 nmiol) in DMSO (40 mL) was stirred at 80°C for 7 hours. The mixture 
was diluted with methylene chloride (100 mL), washed with brine (70 mL x 2) and water 
(70 mL X 2), and then dried over anhydrous MgS04. The solvent was evaporated under 

3550 reduced pressure to give a yellow residue. Chromatography on silica gel (30% ethyl acetate 
in hexanes) to provide the desired product (1.45 g) as a colorless solid: m.p. 48-49°C; ^H 
NMR (CDCI3) d 7.78 (2H, m), 7.49 (2H, m), 6.99 (IH, br d, 7=7.4 Hz), 4.49 (IH, ddd, 

7=7.4, 7.1, 5.2 Hz), 4.42 (2H, s), 3.80 (3H,s), 2.60 (2H, t, 7=7.4 Hz), 2.29 (IH, m), 
2.17 (IH, m), 2.12 (3H, s); l^c NMR (CDCI3) d 177.50. 166.54, 135.97, 134.06, 

3555 131.18, 128.89, 126.84, 126.71, 54.09, 52.47, 51.95, 31.38, 30.00,15.30. 



StepC 
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n-rAminomethvnbe nzovn-Met-OrH^ 
A suspension of (3-(azidomethyl)benzoyl)-Met-OCH3 (1.29 g, 4.0 mmol) and 5% 
3560 palladium on carbon (0.2 g) in methanol (40 mL) was stirred under a hydrogen atmosphere 
(1 atm) for two days at room temperature. The catalyst was removed by filtration through 
celite (1.5 g) and the solvent was evaporated in vacuo. The residue was washed with water 
(5 mL X 2) and dried to give the desired product (1.12 g) as a colorless foam. NMR 
(CDCI3) d 7.81 (IH, s). 7.68 (IH, d, 7=7.4 Hz), 7.45 (IH. d, 7=6.5 Hz), 7.36 (IH, t, 

3565 7= 7.4 Hz), 4.91 (IH. ddd, 7=7.3, 7.1. 5.1 Hz), 3.90 (2H, s), 3.77 (3H, s), 3.21 (2H, br 
s), 2.59 (2H, t, 7=7.4 Hz), 2.20 (IH. m). 2.12 (IH. m). 2.09 (3H, s). 



Compound 2 
f4-(Aminomethvnbenzovn-Met-OCH. 

3570 The title compound is prepared according to the procedure used to prepare Compound 1 but 
replacing 3-(chloromethyl)benzoyl chloride with 4-(chloromethyl)benzoyl chloride. 

Compound 3 
f3-AininobenzoylVMet-QCH2 
3575 The title compound was prepared according to the procedure described in J. Biol. Chem. 
269 12410-12413(1994). 

Compound 4 
( 4- AminobenzoylVMet-OCH^ 

3580 

Step A 

N-BOC-4-A mdnobenzoic acid 
4-Aminobenzoic acid (10 g, 72.9 mmol) was placed into a mixture of dioxane (145.8 mL) 
and 0.5 M NaOH (145.8 mL). The solution was cooled to 0*^C and di-t-butyl dicarbonaie 
3585 (23.87 g, 109.5 nrniol) was added. The reaction mixture was allowed to warm to room 

temperature and stirred overnight. The next day, the dioxane was removed, the residue was 
made acidic and extracted into ethyl acetate. The ethyl acetate fractions were combined and 
washed with IN HCl to remove any unreacted starting material. The solution was dried 
over Na2S04 and the solvent was removed in vacuo. The crude material was recrystallized 

3590 from ethyl acetate/hexanes to provide the desired product (12.2 g): m.p. 189-190°C; ^H 
NMR (CD3OD) d 1.52 (9H, s). 7.49 (2H, d, 7=8.6 Hz). 7.91 (2H, d, 7=8.6 Hz), 9.28 
(IH, s); 13c NMR (CD3OD) d 28.59, 81.29, 118.54. 125.30, 131.81, 145.70, 155.00, 
169.80; Anal. Calc. for C12H15NO4. C: 60.76, H: 6.37, N: 5.90; Found. C: 60.52, H: 
6.43, N: 5.83; HRMS Calc. for C12H15NO4, 237,0961, Found, 237.1001. 
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3595 



StepB 

(N-Rnr-4-Ajrinobenzovlt-Met-OCH -^ 
Into a dried, nitrogen filled ttask was placed N-BOC-4-aminobenzoic acid (8.77 g, 36.97 
mmol) in dry methylene chloride (148 mL) along with methionine methyl ester 

3600 hydrochloride (8.12 g. 40.66 mmol). This solution was cooled in an ice bath and 

triethylamine (6.7 mL), EDCI (7.80 g, 40.66 nrniol) and hydroxybenzotriazole (HOBT, 
5.50 g, 40.66 mmol) were added. The mixture was stirred overnight, diluted with more 
methylene chloride and was extracted three times each with 1 M HCl. IM NaHC03 and 
water. The methylene chloride was dried over MgS04 and the solvent was removed in 

3605 vacuo The resulting solid was recrystallized from ethyl acetate/hexanes to yield the desired 
product (9.72 g): m.p. 184-185°C; NMR (CDCI3) d 1.53 (9H, s), 2.06-2.18 (4H, m). 
2.23-2.33 (IH. m), 2.59 (2H, t, J=7.6 Hz). 3.80 (3H, s). 4.92 (IH. m). 7.45 (2H, d. 
y=8.7 Hz), 7.77 (2H, d, 7=8.7 Hz); l^C NMR (CDCI3) d 15.59. 28.34, 30.15, 31.64, 
52.10. 52.73. 81.20, 117.73. 127.8. 128.33. 141.88. 152.33. 166.50. 172.75; 

3610 Anal. Calc. for C,8H26N205S, C: 56.53, H: 6.85. N: 7.29; Found, C: 56.47. H: 6.86, N: 

7.29; m/z (EI) 382 (M). 



StepC 

(4-Aminobe ny.ovn-Met-OCH2 hydrochloride 
3615 N-BOC-4-aminobenzoyl-Met-OCH3 (3.53 g, 9.59 nunol) was placed into methylene 

chloride (30-35 mL) and to it was added 3M HCiyEt02 (38.4 mL). After standing, a white 
precipitate formed. After two hours the solution was decanted and the crystals were 
collected by centrifugadon. The crystals were then washed several times with fresh ether 
and dried overnight on the vacuum pump. Meanwhile, the filtrate was left to stand 

3620 overnight to allow additional product to precipitate. The second fraction was washed with 
ether and dried overnight on the vacuum pump. The total yield of the desired product was 
2.87 g: m.p. 158-164°C; »H NMR (CDCI3) d 2.10 (3H. s), 2.12-2.29 (IH, m), 2.52- 
2.71 (IH. m). 2.59 (2H. t. 7=7.6 Hz), 3.75 (3H. s). 4.79 (IH, m). 7.02 (2H, d. 7=8.6 
Hz), 7.55 (2H, d, 7=8.6 Hz); >3c NMR (CDCI3) d 15.23, 31.43. 31.53. 52.91. 52.43, 

3625 124.35, 130.56. 135.31. 135.76, 168.95. 173.87; HRMS Calc. for C,3Hi8N203S, 
282.1038, Found 282.1009. 



Compound 5 
r4-Amino-3-m efhvlhenzovn-Met-QCH-^ 



3630 

Step A 
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N-Rnr-4-Amin o-3-methvlben2oic arid 
4-Amino-3-methylbenzoic acid (5 g, 33. 1 nunol) was reacted according to the same 
procedure as that used in the process for preparing N-BOC-4-aminobenzoic acid. The 

3635 resulting orange-brown solid was recrystallized from ethyl acetate and hexanes to provide 

the desired product (4.99 g) as tan prismatic crystals: m.p. 180-182°C; IH NMR (CD3OD) 
d 1.51 (9h, s), 2.27 (3H, s), 7.66 (IH, d, 7=8.1 Hz), 7.79-7.82 (2H, m), 8.32 (IH, s); 
13C NMR (CD30D) d 17.98, 28.62, 81.47, 123.12, 127.05, 129.14, 130.65, 132.99, 
142.45, 155.33, 168.70; Anal. Calc. for Ci3H,7N04, C: 62.15, H: 6.82, N: 5.58; Found 

3640 C: 62.07, H: 6.86, N: 5.46; m/z (EI) 251; HRMS Calc. for CJ3H17NO4, 251.1 158; 
Found, 251.1153. 

Steps 

rN-BOC-4-Amino-3-methvlbenzovn-Met-OCH^ 
3645 N-BOC-4-amino-3-methylbenzoic acid (2.00 g, 7.96 mmol) was reacted with with 

methionine methyl ester hydrochloride (1.75 g, 8.76 mmol), triethylamine (1.4 mL), EDCI 
(1.68 g, 8.76 mmol) and hydroxybenzotriazole (HOBT, 1.18 g, 8.76 nunol) in dry 
methylene chloride (3 1.8 mL) according to the procedure described for the preparation of N- 
BOC-4-aminobenzoyl)-Met-OCH3. The resulting solid was recrystallized from ethyl 
3650 acetate/hexanes to yield the desired product (2.61 g): m.p. 163-165°C; NMR (CDCI3) d 
1.54 (9H, s), 2.06-2.18 (4H. m), 2.23-2.34 (4H, m), 2.59 (2H, t. 7=6.8 Hz). 3.80 (3H, 
s), 4.92 (IH, m), 6.45 (IH, s), 6.88 (IH, d, 7=7.5 Hz), 7.63 (IH, d, 7=8.6 Hz), 7.66 
(IH, s), 8.05 (IH, d, 7=8.6 Hz); 13c NMR (CDCI3) d 15.47, 17.61, 28.22, 30.03, 

31.55, 51.93, 52.57, 81.04, 118.73, 125.62, 127.66, 129.54, 139.89, 152.34, 166.58, 
3655 172.66. 

StepC 

(4- AminQ-3-methvlbenzovn-Met-OCH^ hydrochloride 
N-BOC-4-Amino-3-methylbenzoyl-Met-OCH3 (0.99 g, 2.59 mmol) was dissolved in 
3660 methylene chloride (15-20 mL) and precipitated with 3MHC1/Et20 (20.7 mL). A pale 
orange precipitate was obtained, washed with ether and dried overnight on the vacuum 
pump. The total yield of the desired product was 0.83 g: m.p. 157- 159*'C; ^H NMR 
(CD3OD) d 2.04 (3H, s), 2.11-2.25 (IH, m), 2.47 (3H, s), 2.52-2.68 (3H. m), 3.74 (3H, 

s), 4.75-4.80 (IH, m), 7.48 (IH, d, 7=8.2 Hz). 7.81 (2H, d, 7=8.2 Hz). 7.87 (IH, s); 
3665 13c NMR (CD3OD) d 15.23, 17.28, 31.43, 31.51, 52.91. 53.37. 124.41. 127.85. 

131.99, 133.63, 134.14, 135.65, 169.05, 173.84; Anal. Calc. for C,4H2,N203S. C: 
50.52. H: 6.36, N: 8.42; Found C: 50.71, H: 6.40, N: 8.34. 
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Compound 6 

3670 f4-Amino-3-P pethnxvbenzovn-Met-nrH-. 

Step A 

N-BOC-4-Amino-3-methoxvbenzoic acid 
4-Amino-3-methoxybenzoic acid ( 1 g, 5.98 mmol) was reacted according to the same 
3675 procedure as that used in the process for preparing N-BOC-4-anunobenzoic acid. The 
resulting solid was recrystallized from ethyl acetate and hexanes to provide the desired 
product (1.5 g) as tan crystals: m.p. 176-178°C; NMR (CD3OD) d 1.52 (9H, s), 3.92 

(3H. s). 7.56 (IH, s). 7.62 (IH, d, J=8.4Hz), 7.96 (IH, s), 8.03 (IH. d. 7=8.4 Hz); 13C 
NMR (CD3OD) d 28.53, 56.35, 81.78, 112.01, 118.58. 124.20, 125.76. 133.84, 
3680 149.04, 154.20, 169.60; HRMS Calc. for Ci3H,7N05, 267.1 107; Found, 267.1 103. 

Steps 

rN-BOC-4-Amino-3-methoxvbenzovn-Met-OCH^ 
N-BOC-4-amino-3-methoxybenzoic acid (0.35 g, 1.31 mmol) was reacted with with 
3685 methionine methyl ester hydrochloride (0.9 g, 1 .43 mmol) using EDCI according to the 
procedure described for the preparation of (N-BOC-4-aminobenzoyl)-Met-OCH3. 

The resulting solid was recrystallized from ethyl acctate/hexanes to yield the desired 
product (0.36 g): m.p. 163-165°C; iH NMR (CDCI3) d 1.53 (9H, s), 2.09-2.18 (4H, m), 

2.23-2.35 (IH, m), 2.60 (2H, t, 7=6.9 Hz), 3.80 (3H, s). 3.93 (3H, s), 4.92 (IH, br s), 
3690 6.93 (IH, d, 7=7.6 Hz), 7.25(1H, m), 7.31 (IH, d, 7=10.2 Hz), 7.44 (IH, s), 8.15 (IH, 
d, 7=8.5 Hz); NMR (CDCI3) d 15.47, 28.23, 30.09, 31.48, 52.06, 52.54, 55.81, 

80.82, 98.06, 109.38, 116.66, 119.31, 131.52, 147.23, 152.31, 166.57, 172.58; m/z 
(FAB)413 (M + 1). 

3695 StepC 

( 4- Amino-3-methoxybenzoy D-Met-OCH^ hydrochloride 
N-BOC-4-Amino-3-methoxybenzoyl-Met-OCH3 (0.71 g, 1.79 mmol) was dissolved in 
methylene chloride (4 mL) and precipitated with 3M HCl/Et20 (12 mL). A reddish 

precipitate was obtained, washed with ether and dried ovemight on the vacuum pump. The 
3700 total yield of the desired product was 0.55 g: m.p. 176- 177°C; 'H NMR (CD3OD) d 2.08 

(3H, s), 2.21 (2H, m), 2.61 (2H, m), 3.74 (3H, s), 4.02 (3H, s), 4.79 (IH, m). 7.50 
(IH, d, 7=8.2 Hz), 7.57 (IH, d. 7=4.1 Hz). 7.67 (IH, s); I3c NMR (CD3OD) d 15.26, 

31.34, 31.42, 52.95, 53.38. 57.12, 112.29, 121.43, 124.57, 124.77, 136.15, 153.67, 
168.79, 173.81. 

3705 
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Compound 7 
(4. Aip}nr>- 1 -naphthovl VMet-OrH^ 

StgpA 

3710 4-Amino-l-naphthoic acid 

4-Amino-l-naphthalenecarbonitrile (1.5 g, 8.91 mmol) was suspended in a 50% KOH 
solution (18 mL). The heterogeneous solution was heated at reflux for 2-3 days. Once the 
solution became homogeneous and TLC showed no more starting material, the deep red 
solution was cooled and poured over 200 mL of water. The resulting solution was then 

3715 filtered and the desired product was precipitated with concentrated HCl. The resulting red 
crystals were filtered and the filtrate was refiltered to give pink crystals. The fu^t fraction of 
crystals was treated with activated carbon to remove some of the red color. A total of 1 .5 1 g 
of the desired product was obtained: m.p. 169-171°C; NMR (CD3OD) d 6.69 (IH, d, 

y=8.2 Hz), 7.38-7.43 (IH, m), 7.48-7.54 (IH, m), 8.03 (IH, d, 7=8.5 Hz), 8.13 (IH, d, 
3720 7=8.2 Hz). 9.09 (IH, d, 7=8.5 Hz); l^C NMR (CD3OD) d 107.39. 114.61. 122.99, 

123.92, 125.21. 127.40, 128.48. 135.04, 151.35, 171.44; HRMS Calc. for C,,H7N02. 
187.0633; Found, 187.0642. 



StepB 

3725 N-BOC-4-Amino-l-naphthoic acid 

4-Amino-l-naphthoic acid (0.86 g, 4.61 mmol) was dissolved in dioxane (9.2 mL). Di-t- 
butyl dicarbonate (1.1 1 g, 5.07 mmol) was added and the mixture was stirred overnight. 
The reaction mixture was worked up as described above for N-BOC-4-aminobenzoic acid to 
give 0.76 g of the desired product as a reddish pink solid: m.p. 194-195°C; 'H NMR 

3730 (CD3OD) d 1.56 (9H. s). 7.53-7.62 (2H. m). 7.79 (IH. d. 7=8.1 Hz), 8.12 (IH, d. 7=8.0 
Hz), 8.22 (IH, d, 7=8.18 Hz). 9.02 (IH, d. 7=8.9 Hz); NMR (CD3OD) d 26.68, 

81.62, 119.06, 123.40. 124.57, 127.03, 127.37, 128.49, 128.77. 131.89, 133.76, 
139.86, 155.95, 170.73; Anal. Calc. for C17H17NO4, C: 66.90, H: 5.96, N: 4.88; Found 
C: 66.49, H: 6.08, N: 4.79; m/z (EI), 289; HRMS Calc. for Ci6H,7N04. 287.1 158; 
3735 Found, 287.1151. 



StepC 

fN-BOC-4- Amino- 1 -naphthovh-Met-OCH .^ 
N-BOC-4- Amino-naphthoic acid (0.46 g, 1.60 mmol), methionine methyl ester 
3740 hydrochloride (0.35 g. 1 .76 mmol), EDCI (0.43 g, 1 .76 nunol), HOBT (0.24 g, 1 .76 
mmol) and triethylamine (0.27 raL) in methylene chloride (6.4 mL) were reacted as 
described above for N-BOC-4-aminobenzoyl-Met-OCH3. After workup and 
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recrystallization from ethyl acetate hexanes, the desired product (0.44 g) was obtained as 
pale pink crystals: m.p. I3I-132*'C; NMR (CDCI3) d 1.57 (9H. s), 2. 1 1-2.21 (4H, 

3745 m). 2.29-2.41 (IH, m). 2.65 (2H. t. 7=7.1 Hz), 3.83 (3H, s), 4.99-5.06 (IH. m), 6.68 
(IH. d. 7=8.0 Hz). 7.02 (IH, s), 7.56-7.59 (2H, m) 7.69 (IH, d, 7=7.9 Hz), 7.87-7.90 
(IH, m), 8.02 (IH. d, 7=7.9 Hz), 8.44-8.48 (IH, m); 13C NMR (CDCI3) d 15.56, 

28.31, 30.19. 31.65, 52.06, 52.64, 81.17, 115.82, 120.18, 125.79, 126.37, 126.53, 
127.18, 131.02, 135.65, 152.93, 169.04, 172.40; HRMS Calc. for C22H28N2O5S. 

3750 432.1719; Found, 432.1702; m/z (FAB) 433 (M+1). 

StepD 

(4- Amino- 1 -naphthovn-Met-OCH^ hydrochloride 
(N-BOC-4-Amino-l-naphtholyl)-Met-OCH3 (0.57 g, 1.31 nunol) was deprotected with 

3755 HCl/ether to yield the desired product (0.31 g) as a white solid: m.p. 178-181°C; ^H NMR 
(CD3OD) d 2.08-2.16 (4H. m), 2.20-2.30 (IH. m) 2.57-2.75 (2H, m) 3.82 (3H, s). 4.87- 

4.91 (IH, m), 7.59 (IH, d, 7=7.5 Hz), 7.67 (IH, d, 7=7.5 Hz) 7.71-7.80 (2H, m), 8.03 
(IH, dd, 7=7.1, 2.0 Hz), 8.35 (IH. dd, 7=6.8, 1.8 Hz); l^c NMR (CD3OD) d 15.23, 

31.40, 53.01. 53.33, 119.90, 122.20, 126.15, 127.41,127.77, 129.09, 129.31, 131.50, 
3760 132.33, 135.64, 171.77, 173.83; m/z (FAB), 369 (M-hl). 

Compound 8 
(4-Amino-2-phenvlbenzoyn-Met-OCH2 

3765 Step A 

4-Nitro-2-phenyltoluene 
2-Bromo-4-nitrotoluene (2.16 g, 10.00 nrniol) and phenylboric acid (1.46 g, 12.00 mmol) 
were dissolved in anhydrous DMF (25 mL) under nitrogen. To this mixture was added 
Pd(Ph3P)4 (0.58 g, 5%). The mixture was heated at 100°C overnight. The solution was 

3770 poured onto IN HCl and extracted with Et20. The crude product was chromatographed on 

silica gel using hexanes as eluent. After recrystallization from ethanol, the desired product 
(1.23 g) was obtained as pale orange needles: m.p. 69-7 1'C; ^H NMR (CDCI3) d 2.36 
(3H, s), 7.29-7.40 (2H, m), 7.41-7.49 (5H, m), 8.07-8.10 (2H. m); »3C NMR (CDCI3) 

d 20.68, 121.96, 124.51, 127.78, 128.41. 128.83, 131.06, 139.06, 139.44, 142.97. 
3775 143.48, 146.05; Anal. Calc. for C13H1 jNOj, C: 73.26, H: 5.20, N: 6.57; Found, C: 

73.10, H: 5.12, N: 6.50; m/z (EI) 213; HRMS Calc. for C,3H,,N02, 213.0790; Found, 
213.0793. 

StepB 
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3780 4-Nitro^2-pti pn Ylhenzoic acid 

4-Nitro-2-phenyltoluene (0.5 g, 2.34 mmol) was dissolved in water (4.6 mL) and pyridine 
(2.3 mL). The mixture was heated to reflux and KMnO^ (1.85 g, 1 1.7 mmol) was added. 

The reaction mixture was heated overnight and the solution was filtered and washed several 
times with boiling water. The aqueous solution was made acidic and the product was 
3785 extracted into ethyl acetate. The ethyl acetate solution was dried over Na2S04 and the 

solvent removed in vacuo to provide the desired product (0.37 g): m.p. I74-176°C, 'H 
NMR (CD3OD) d 7.38-7.48 (5H. m). 7.96 (IH, d. 7=8.5 Hz), 8.21 (IH, d, 7=2.3 Hz), 
8.28 (IH, dd, 7=8.48, 2.37 Hz); NMR (CD3OD) d 122.95, 126.09, 129.27, 129.42, 

129.49, 131.56, 139.26, 140.42, 144.41, 150.17, 170.52; m/z (EI) 243 (M). 

3790 

StepC 

(4-Nitro-2-phenylbenzovlVMet-OCH -, 
4-Nitro-2-phenylbenzoic acid (0.3 g, 1.23 mmol), methionine methyl ester hydrochloride 
salt (0.27 g, 1.35 mmol), EDCI (0.26 g, 1.35 mmol). HOBT (0.18 g, 1.35 imnol) and 
3795 triethylamine (0. 19 mL) in dry methylene chloride (4.9 mL) were reacted according the 
procedure described above for (N-BOC-4-aminobenzoyl)-Met-OCH3. After 

recrystallization of the product from ethyl acetate hexanes, the desired product (0.41 g) was 
obtained: m.p. 98-101°C; ^H NMR (CDCI3) d 1.62-1.73 (IH, m), 1.79-1.88 (IH, m). 

1.91 (3H, s), 1.99 (2H, t, 7=7.2 Hz), 3.59 (3H, s), 4.53 (IH, m), 6.45 (IH, d, 7=7.8 
3800 Hz), 7.33-7.40 (5H, m), 7.67 (IH, d, 7=8.3 Hz), 8.07-8.12 (2H, m); 13c NMR (CDCI3) 

d 14.92, 29.11, 30.67, 51.51. 52.29, 121.86. 124.74, 128.27, 128.60, 128.69. 129.52, 

137.50, 140.56, 141.02, 148.09. 167.23. 171.23; m/z (FAB), 389 (M+1). 

StepD 

3805 ('4-Amino-2-phenvlbenzovn-Met-OCH^ 

(4-Nitro-2-phenylbenzoyl)-Met-OCH3 ^^-^^ 8. 0-90 nrniol) was dissolved in ethyl acetate 
(9.0 mL). To this mixture was added SnCl2 • 2H2O (1.02 g, 4.5 nrniol) and the reaction 

mixture was heated under nitrogen at reflux for one hour. The mixture was poured onto ice. 
the solution was made basic using NaHC03 and the product was extracted into ethyl acetate 

3810 several times (7-8). The ethyl acetate solutions were combined, washed with brine and 

dried over NajSO^. The solvent was removed in vacuo to the desired product (0.24 g) as a 
yellow solid: ?H NMR (CDCI3) d 1.58-1.70 (IH. m). 1.80-1.92 (IH, m). 1.98 (3H. s). 
2.06 (2H, t, 7=7.7 Hz). 3.62 (3H. s). 4.00 (2H. br s). 4.56-4.63 (IH. m). 5.84 (IH, d. 
7=7.7 Hz). 6.50 (IH, s). 6.61 (IH. d. 7=8.4 Hz) 7.29-7.42 (5H, m), 7.58 (IH. d, 7=8.3 

3815 Hz); 13c NMR (CDCI3) d 15.02. 29.25, 31.25. 51.57. 52.15, 113.27, 115.88. 123.52. 

127.56. 128.37. 128.44, 130.92. 140.66. 141.44. 148.53, 168.58, 171.91. 
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rnmpoundQ 
r4-AminQ-2-f9.-thienvnbenzovn-Met-OCH^ 

3820 The title compound can be prepared according to the method used to prepare Compound 8, 
only substituting thiophene-2-boromc acid for phenyl boronic acid. 

Compound 10 
(4-Aniino-2-f 1 -naphthvnbenzovlVMet-OCH ^ 
3825 The title compound can be prepared according to the method used to prepare Compound 8, 
only substituting 1-naphthylboronic acid for phenylboronic acid. 

Compound 1 1 
4-Amino-3^-m ethvlbiphenvl 
3830 The title compound was prepared by Suzuki coupling of l-bromo-4-nitrobenzene and 1- 
bromo-S-methylbenzene. 

Compound 12 
4-Amino-4'-bip henvI carboxvlic acid 

3835 

Step A 
4-Nitro-4'-methvlbiphenvl 
The title compound was prepared by Suzuki coupling of l-bromo-4-nitrobenzene and 1- 
bromo-4-methylbenzene. 
3840 ^ 

StepB 

4-NitrO'4'-biphenyl carboxylic acid 
The title compound was prepared by KMn04 oxidation of 4-nitro-4'-methylbiphenyl. 

3845 StepC 

4-Amino-4'-biphenvl carboxvlic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 4-mtro-4'- 
biphenyl carboxylic acid. 

3850 CptppQund 13 

4-Amino-3'-biphenvl carboxvlic acid 

Step A 
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4-NitrQ-3'- Tnethvlbiphcnvl 
3855 The title compound was prepared by Suzuki coupling of l-bromo-4-nitrobenzene and 1 - 
bromo-3-methylbenzene. 

StepB 

4-Nftfn-3'-hiphenvl carboxvlic acid 
3860 The title compound was prepared by KMn04 oxidation of 4-nitro-3'-methylbiphenyL 

StepC 

4'Amino-3'-biphenvl carboxvlic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 4-nitro-3'- 
3865 biphenyl carboxylic acid. 

Compound 14 
4-Amino-2-methoxv-3'-biphenvl carboxylic acid 

3870 Step A 

2-Methoxv-4-nitro-3'-methvlbiphenvl 
The title compound was prepared by reaction of l-bromo-2-methoxy-4-nitrobenzene with 3- 
methylphenylboronic acid in the presence of palladium acetate. 

3875 Steps 

2-Methoxv-4-nitro-3-biphenvlcarboxvlic acid 
The title conlpound was prepared by KMn04 oxidation of 2-methoxy-4-nitro-3'- 

methylbiphenyl. 

3880 StepC 

4-Amino-2-methoxv-3*-biphenvl carboxvlic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 2-methoxy-4- 
nitro-3*-biphenyl carboxylic acid. 

3885 Compound 15 

4-Aniino-2-isopropvloxv-3'*biphenvl carboxvlic acid 
The title compound can be prepared by methods analogous to those used to prepare 
Compound 14. 

3890 Compound 16 
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4-Amino-2-phenY l-l'-^^ipHfinvlcarboxvlicacid 
The title compound can be prepared by methods analogous to those used to prepare 
Compound 14. 

3895 Compound 17 

r4-Amino-2-(3.5-dimcthylphenvnbenzovn-Met-OCH^ 

Step A 

2-Bromo-4-nitrobenzoic acid 
3900 2-Bromo-4-nitrotoluene (5.0 g, 23. 14 nunol) was dissolved in pyridine (23 mL) and water 
(46 mL). The heterogeneous mixture was heated to 60°C and KMn04 (18.29 g» 1 15.7 
mmol) was added carefully. The mixture was then heated under reflux overnight. The 
reaction npxture was filtered and washed with boiling water. The solution was then made 
acidic and extracted into ethyl acetate, dried over Na2S04 and the solvent was removed in 

3905 vacuo. The crude product was dissolved in aqueous NaOH and washed with hexanes. The 
aqueous phase was made acidic and the product was extracted into ethyl acetate. The ethyl 
acetate solutions were combined and dried over Na2S04 and the solvent was removed in 
vacuo to provide the desired product (3.72 g): m.p. 158-160°C; NMR (CD3OD) d 
7.81 (IH, d, 7=8.5 Hz), 8.08 (IH, d, 7=8.5 Hz), 8.30 (IH, s); ^^c NMR (CD3OD) d 

3910 121.96, 122.75, 129.36, 132.24, 139,52, 149.54, 167.75; Anal. Calc. for C7H4BrN04 
•0.1 ethyl acetate, C: 34.88, H: 1.90, N: 5.50; Found, C: 34.68, H: 1.86, N: 5.82. 

Steps 

3.5-Dimethvlphenylboronic acid 
3915 Magnesium turnings ( 1 .44 g, 59.43 mmol) were coverd with dry THF ( 18.8 mL) in a 

dried, nitrogen fdled flask fitted with an addition funnel and reflux condenser. To this was 
added 5-bromo-m-xylene (10 g, 54.03 mmol) in THF (15 mL) after initiation of the 
Grignard reaction. The addition was carried out over several minutes and the reacton 
mixture was heated at reflux for 1-2 hours until most of the magnesium had reacted. The 
3920 reaction mixture was then cooled and transferred to an addition funnel fitted to an nitrogen 
filled flask containing triisopropyl borate (24.9 mL) at -70''C. The dropwise addition was 
carried out over several minutes and the mixture warmed to room temperature and stirred 
overnight. The grey solution was poured onto 2 M HCl and immediately turned yellow. 
The solution was extracted with Et20 and the Et20 fractions were combined, dried over 
3925 MgS04 and the solvent was removed in vacuo to provide the desired product (2.41 g): 

m.p.249-251°C; ^H NMR (CDCI3) d 2.44 (6H, s), 7.23 (IH, s), 7.84 (2H, s); ^^C NMR 
(CD3OD) d 21.36, 133.28, 134.39, 137.48. 
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itepC 

3930 4-Nitro-2-('3.5-dimethvlphenvnbenzoic ac\d 

2-Bromo-4-nitrobenzoic acid (0.43 g, 2.03 mmol) and 3,5-dimethylphenyl boronic acid 
(0.334 g, 2.23 mmol) were dissolved in anhydrous DMF (25 mL) under nitrogen. To this 
niixture was added CS2CO3 (1.66 g, 5.08 nunol) followed by Pd(Ph3P)4 (0.12 g, 5%). 

The mixture was heated at 100°C overnight. The solution was poured onto IN HCl and 
3935 extracted with Et20. It was dried over MgSO^ and the solvent was removed in vacuo. The 

crude product was chromatographed on silica gel using a 9: 1 mixture of hexanes and ethyl 
acetate to provide the desired product (0.34 g): iH NMR (CDCI3) d 2.36 (6H, s), 6.99 
(2H, s), 7.07 (IH. s), 8.03 (IH, d, 7=9.0 Hz). 8.23-8.25 (2H, m); 13c NMR (CDCI3) d 
21.28, 121.68, 123.68, 125.74, 126.07, 130.22, 131.19, 131.31, 135.04, 138.21, 
3940 144.74, 170.75. 

StepD 

r4-Nitro-2-f3.5-dimethvlphenvnben20v!VMet.OCH^ 
4-Nitro-2-(3,5-dimethylphenyl)benzoic acid (0.15 g, 0.55 mmol), methionine methyl ester 
3945 hydrochloride (0. 1 1 g. 0.55 mmol), EDCI (0. 1 1 g, 0.55 mmol). HOBT (0.07 g, 0.55 
nunol) and triethylamine (0.08 mL) in dry methylene chloride (2.2 mL) were reacted and 
worked up according to the procedure for (N-BOC-4-aminobenzoyl )- Met-OCHj as 

described above. After recrystallization from ethyl acetate and hexanes, the desired product 
was obtained (0.13 g): m.p. 122-124''C; iR NMR (CDCI3) d 1.2-1.84 (IH, m), 1.85- 

3950 1.97 (IH, m). 2.01 (3H, s), 2.05 (3H, t, 7=7.7Hz), 2.38 (6H, s), 3.70 (3H, s), 4.67-4.74 
(IH. m), 6.03 (IH, d, 7=7.9 Hz), 7.05 (2H. s). 7.09 (IH, s), 7.84-7.87 (IH, m), 7.84- 
7.87 (IH, m) 8.23-8.26 (2H, m); 13C NMR (CDCI3) d 15.20, 21.26, 29.22, 31.15, 

51.79, 52.57, 122.07, 125.11, 126.27, 130.03, 130.53, 137.77, 138.82, 140.29, 141.56, 
148.41, 167.14, 171.53. 

3955 

StepE 

(4-Amino-2-(3.5-dimethvlphenvl)benzovn-Met-OCH3 
(4-Nitro-2-(3,5-dimethylphenyl)benzoyl)-Met-OCH3 (0. 1 1 g, 0.26 mmol) was dissolved in 
ethyl acetate (3.0 mL). To this mixture was added SnCl2 • 2H2O (0.3 g, 1.30 mmol) and 

3960 the reacton was heated under nitrogen at reflux for 6 hours. The mixture was worked up as 
described above for (4-amino-2-phenylbenzoyl)-Met-OCH3 to give the desired product 
(0.15 g): IH NMR (CDCI3) d 1.60-1.70 (IH, m), 1.80-1.90 (IH, m), 1.99 (3H, s). 2.05 
(2H, t, 7=7.6 Hz), 2.33 (6H, s), 3.64 (3H, s), 3.93 (2H, br s), 4.61-4.64 (IH, m). 5.82 
(IH, d, 7=7.7 Hz), 6.49 (IH, d, 7=2.3 Hz) 6.62 (IH, dd, 7=8.4, 2.4 Hz), 6.98 (2H, s). 
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3965 7.00 (IH, s), 7.65 (IH, d, J=8.3 Hz); ^^C NMR (CDCI3) d 15.08, 21.17, 29.28, 31.49, 
51.70. 52.18, 113.30, 115.94, 123.55, 126.36, 129.32, 131.23, 138.15, 140.72, 141.92, 
148.40, 168.45. 172.01. 

Preparation 1 

3970 Anilines of the formula B-NH 2 

The anilines from Table 1, entries 10-126 (B-NH2) are prepared using the procedures for 
Compounds 1-18 with the exception that methionine methyl ester is replaced by 
methioninesulfone methyl ester, (S-Me)cysteine methyl ester, serine methyl ester, (O- 
Me)serine methyl ester, (O-Me)homoserine methyl ester, homoscrine lactone, isoleucine 

3975 methyl ester, leucine methyl ester, norleucine methyl ester, norvahne methyl ester, 

cyclohexylaianine methyl ester, phenylalanine methyl ester, or glutamic acid dimethyl ester. 




3980 Prep^yatiQp 2 

4-Bromo-2'Phenytben^py| methionine methyt cstpr 

Preparation 2 A 

4-Bromo-2-phenylbenzoic acid methyl ester 
3985 A solution of methyl 4-amino-2-phenylbenzoic acid (1.0 equivalent) in dilute aqueous HBr 
is treated with NaN62 (1.1 equivalents) to form the diazonium salt. The reaction is treated 
with CuBr (1.1 equivalents) and heated. When judged complete by TLC analysis, the 
mixmre is extracted into ethyl acetate which is dried and evaporated. The title arylbromide is 
purified by chromatography on silica gel. 

3990 

Preparation 2B 
4-Bromo-2-phenvlbenzoic acid 
To a solution of the resultant compound from Preparation 2A (l.O equivalent) in a 3: 1 
mixture of tetrahydrofuran (THF) and water is added an excess (1.5 equivalents) of LiOH. 
3995 When hydrolysis is judged complete by TLC analysis, the solvent is evaporated and the 

remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate which is dried 
and evaporated prior to purification by chromatography on silica gel. 
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Preparation 2C 
4-Bromo-2-DhenY»;>ftn 7,ovl methionine methvl e^t pr 
To a solution of the resultant compound from Preparation 2B ( 1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-l,2,3-ben20triazin-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (1 .0 equivalent) and l-(3- 
dimehtylaniinopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
4005 complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed by 1 N 
HCl and saturated brine, and then is dried and evaporated. The crude reaction mixture is 
purified by column chromatography to afford the title product. 

Preparation ;2n 

4-Promo-2-phenvlbenzovl methionine methvl ester alternate p rnreriii^ff 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in dilute 
aqueous HBr is treated with NaN02 d-l equivalents) to form the diazonium salt. The 
reaction is treated with CuBr (1.1 equivalents) and heated. When judged complete by TLC 
analysis, the mixture is extracted into ethyl acetate which is dried and evaporated. The title 
401 5 arylbromide is purified by chromatography on silica gel. 

PrspgratiQn 3 

Aivlbromides of the formnja p-pr 
The anilines from Table 1 (B-NH2) are reacted according to the procedures of Preparation 2 
4020 to provide the arylbromides listed in Table 2. 




Example 1 

^5 4-((y)-?-PvrrQlidQne-S-aminomethvlcaifaonvnamino-2.phenvlh e n2nvl m..thinnin^ 

Example lA 

Methvl 4-(r.y)-2-Pvrrolidone-5-aminnm e thvlcarhnnvnamino-2-phenvlben7oate 
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To a solution of methyl 4-amino-2-phenylben2oate hydrochloride (1.0 equivalent) in 
4030 toluene is added triphosgene (0.33 equivalent) and the niixture is heated at reflux until 
judged complete by TLC analysis. The intermediate is reacted without further 
purification with (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and triethylamine 
(2.0 equivalents). When judged complete by TLC analysis, the reaction is taken up in 
ethyl acetate and washed with IN HCl and brine, evaporated, and purified by 
4035 chromatography on silica gel. 

Example IB 

4-( f 5)-2-Pyrrolidone-5-aminomethvlcarbonynaniino-2-phenvlbenzoic acid 
To a solution of the resultant compound from Example 1 A (1.0 equivalent) in a 3: 1 
4040 mixture of tetrahydrofuran (THF) and water is added an excess (1.5 equivalents) of 

LiOH. When hydrolysis is judged complete by TLC analysis, the solvent is evaporated 
and the remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate 
which is dried and evaporated prior to purification by chromatography on silica gel. 

4045 Example IC 

4-rf5)-2-Pyrr olidone-5-aminomethvlcarbonvnamino-2-phenvlbcnzovl methionine 

methyl ester 

To a solution of the resultant compound from Example IB (1.0 equivalent) in 
dime thy Iformamide (DMF) is added 3-hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 
4050 equivalents) followed by methionine methyl ester ( 1 .0 equivalent) and l-(3- 

dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1,5 equivalents). When 
judged complete by TLC analysis, the reaction is taken up in ethyl acetate which is 
washed with IN HCl and saturated brine, and then is dried and evaporated. The crude 
reaction mixture is purified by column chromatography to afford the title product. 

4055 

Example ID 

4-((yi-2-Pyrrolidonc-5-aminomethylcarbonynaminO'2-phenylben2oyl methionine 

methvl ester, alternate preparation 
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester ( 1 .0 equivalent) in 
4060 methylene chloride is added a solution of phosgene in toluene (1 .0 equivalent) and 

triethylamine (2.0 equivalents). The intermediate is reacted without further purification 
with (5')-5-ammomethyl-2-pyrrolidone (1.0 equivalent) and triethylamine (LO 
equivalent). When judged complete by TLC analysis, the reaction is taken up in ethyl 
acetate and washed with IN HCl and brine, evaporated, and purified by 
4065 chromatography on silica gel. 
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4070 



4075 



4080 



4085 



4090 



4-ff5^'2-PvrrolidQne-5-aminome thvlcarfaonvl^aminQ-2-p^enylhen20vl methionine 
To a solution of the resultant compound from Example IC in a 3: 1 mixture of THF and 
water is added an excess of LiOH ( 1 .5 equivalents). When hydrolysis is judged complete 
by TLC analysis, the solvent is evaporated and the remaining aqueous layer is acidified to 
pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to purification by 
chromatography on silica gel. 



MeS 
Example 2 

4-( ( 5^-2-F^rrolidone-5-aminomethy lthiocarbonvl)aniino-2--phenylbenzoyl methionine 
The title compound is prepared as described in Example 1 with the exception that 
triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 



Exampk 3 

4-f(S)-2>F^^rrolidone-5-anunomethylsylfinynamin(^2-phcnylben2oy methionine 

g^^ple 3A 

4-ffSV2-Pvn^lidone-5-anunomethvlsulfinvnaniino-2-phenvlbenzovl methionine methvl 

ester 

To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in 
methylene chloride is added thionyl chloride (1.0 equivalent) and triethylamine (2.0 
equivalents). After the amine has fiiUy reacted, (S)-5-aminomethyl-2-pyrrolidone (1.0 
equivalent) is added. When the reaction is judged complete by TLC analysis, the product is 
isolated as described in Example 1 A and purified by chromatography on silica gel 
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Example 

4095 4-((y)-2-FViTolidnnfi-S-aminomethvlsulfinvl)arnino-2-phenvlbenzovl methionine 

To a solution of the resultant compound from Example 3 A in a 3: 1 mixture of THF and 
water is added an excess of LiOH (L5 equivalents). When hydrolysis is judged complete 
by TLC analysis, the solvent is evaporated and the remaining aqueous layer is acidified to 
pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to purification by 

4100 chromatography on silica gel. 




Example 4 

4105 . 4-((SV2-Pyrrolidone-5-aminomethvlsulfonvl)amino-2-phenvlbenzovl methionine 

Example 4A 

4-((SV2-Pvrrolidone-5-aminomethylsulfonvnamino-2-phenyIbenzoyl methionine methyl 

ester 

4110 To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester ( 1 .0 equivalent) in 
methylene chloride is added sulfiiryl chloride (1.0 equivalent) and triethylamine (2.0 
equivalents). After the amine has fully reacted, (5)-5-aminomethyl-2-pyrrolidone (1.0 . 
equivalent) is added. When the reaction is judged complete by TLC analysis, the product is 
isolated as described in Example 1 A and purified by chromatography on silica gel. 

4115 

Example 4B 

4-((S)-2-Pvrrolidone-5-aniinomethvlsulf onvnaniino-2-phenvlbenzovl methionine methvl 

ester, alternate procedure 
A solution of 1 equivalent of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 
4120 equivalent) and sulfuryl chloride (1.0 equivalent) in acetonitrile with a catalytic amount of 
antimony(V) chloride is heated to reflux until judged complete by TLC analysis. The 
solution is then cooled, filtered, and all volatiles are removed under reduced pressure. The 
residue is taken up in dichloromethane and treated with triethylamine (1 equivalent and (S)- 
5-aminomethyl-2-pyrrolidone ( 1 .0 equivalent). When the reaction is judged complete by 
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4125 TLC analysis, the product is isolated as described in Example 1 A and purified by 
chromatography on silica gel. 

Example 4C 

4-((SV2-Pvrrolidone-5-aminomethvlsulfonvnaminQ-2-phenvlbenzovl methionine methyl 
4130 ester 

The resultant compound from Example 4A is hydrolyzed according to the procedure of 
Example IB to give the title product. 




4135 MeS 

Example 5 

4-((^-2'Pvrrolidone-5-methvlaminosulfonvlV2-phenylbenzovl methionine 

Example 5A 

4-Ch^Q^Qsu^f9^y^2-phpny^be^zoip acid methyl e^^^r 
To a solution of methyl 4-amino-2-phenylbenzoate (1.0 equivalent) in concentrated HCl is 
added a solution of sodium nitrite (1.1 equivalents) until an excess of nitrous acid persists. 
The chlorodiazonium salt is poured into a solution of sulfur dioxide (10 equivalents), copper 
(H) chloride (0.5 equivalent) and KCl (LI equivalents) in dioxane. When TLC analysis 
indicated that the reaction is complete, the mixture is diluted with water and extracted into 
benzene which is dried and evaporated to give the title sulfonyl chloride 

g^amplp gP 

4-(fy)-2-PvTrolidone-5-aminomethvnsulfonvn'2-phenvlbenzoic acid methvl ester 
4 150 To a solution of the resultant compound from Example 5 A ( 1.0 equivalent) in methylene 
chloride is added (5)-5-aminomethyl"2-pyrrolidone (1.0 equivalent) and triethylamine (LO 
equivalent). When the reaction is judged complete by TLC analysis, the solvent is 
evaporated and the residue is purified by chromatography on silica gel. 

4155 Example 5C 

4'((y)-2-Pvrrolidone-5-aminomethvnsulfonylV2-phenvlbenzoic acid 



4140 



4145 
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The resultant compound from Example 5B is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4160 Example 5D 

4-rr>S:^-2-Pvrrolidone-5-amino meth yl^sulfonvlV2-phenv lhenzQvl methionine methyl ester 
To a solution of the resultant compound from Example 5C (1.0 equivalent) in (DMF) is 
added 3-hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 equivalents) followed by methionine 
methyl ester (LO equivalent) and l-(3-dimethylaminopropyl)-3-ethylcarbodnmide 

4165 hydrochloride ( 1 .5 equivalents). When judged complete by TLC analysis, the reaction is 
taken up in ethyl acetate which is washed by IN HCl and saturated brine, and then is dried 
and evaporated. The crude reaction mixture is purified by column chromatography to afford 
the title product. 

4170 Example 5E 

4-f r S^-2-Pyrrolidone-5-anriinomethylcarbonyl)arninO"2"phenylben20vl methionine methvl 

ester, alternate preparation 
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in 
concentrated HCI is added a solution of sodium nitrite (1.1 equivalents) until an excess of 

4175 nitrous acid persists at which time the chlorodiazonium salt will be treated with gaseous 

sulfur dioxide and copper (II) chloride to give the sulfonyl chloride (0.1 equivalent). This 
intermediate is reacted with (S)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and 
triethylamine (1.0 equivalent) according to the procedure of Example 5B to give the tide 
compound. 

4180 

Example 5F 

4-f ( y>-2-Pvrrolidone-5-aminomethylcarbonvl>amino-2-phenvlbenzoy 1 methionine 
To a solution of the resultant compound from Example 5D ( 1 .0 equivalent) in a 3: 1 mixture 
of THF and water is added an excess of LiOH (1,5 equivalents). When hydrolysis is 
4185 judged complete by TLC analysis, the solvent is evaporated and the remaining aqueous layer 
is acidified to pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to 
purification by chromatography on silica gel. 



4190 
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Example 6 

4-r2-pyridyloxvV2-phenvlbcnzovlmethinnine 



Example 6A 

4195 4-Hvdroxv-2-phenvlbenzoic acid methvl ester 

A solution of methyl 4-amino-2-phenylbenzoate (1.0 equivalent) in dilute aqueous H2SO4 is 
treated with NaN02 (1.1 equivalents) until an excess of nitrous acid persists to form the 
diazonium salt. This salt is then diluted further with water and heated. The mixture is 
extracted into etiiyl acetate which is dried and evaporated. The title ester is purified by 

4200 chromatography on silica gel. 

Example 6B 

4-(2-Pyridyloxy)-2-phenylbgqzQic acid methyl egter 
A solution of the resultant phenol from Example 6A (l.O equivalent) is treated with 2- 
4205 bromopyridine ( 1 .0 equivalent) in the presence of a NaH ( 1 .0 equivalent), or K2CO3 (2.0 
equivalents) and copper (1.0 equivalent) in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel 



Exan^ple $C 

4210 4-(2-Pyridyloxy)'2-phenyibenzoic acid 

A solution of the resultant ester from Example 6B (1.0 equivalent) in aqueous methanol is 
treated with NaOH (2.0 equivalents) and stirred until the reaction is deemed complete by 
TLC analysis. The mixture is acidified, diluted with water, and extracted into ethyl acetate 
which is dried and evaporated. Chromatography on silica gel provides the title product. 

4215 

4-(2-Pyridyloxy)-2-ph?nylbenzoYlmethioni ne methyl ester 
The resultant product from Example 6C is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 

4220 

Example 6E 

4-f2-Pvridvloxv)-2-Dhenvlbenzovlmethionine methvl ester, alter nate procedure 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (LO equivalent) in dilute 
aqueous H2SO4 is treated with NaN02 (1.1 equivalents) until an excess of nitrous acid 
4225 persists to form the diazonium salt. This salt is then diluted further with water and heated to 
form the phenol which is purified by chromatography on silica gel. A solution of this 
phenol (1.0 equivalent) is treated with 3-bromopyridine (1.0 equivalent) in the presence of a 
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NaH (1 0 equivalent), or K2CO3 (2.0 equivalents) and copper (1.0 equivalent) in DNff or 
pyridine. The product is isolated by removal of the solvent and chromatography on sihca 
4230 gel 

pyam ple 6F 
4-r2-pvridv bvY)-^-phenv]hen70vlmethionine 

The resultant compound from Example 6E is hydrolyzed according to the procedure of 

4235 Example IB to give the title compound. 



^^*^CONHMet 



4240 EsameieJ 



A. (^.pvridvlmeT hYl'-P"^^'>-^-phenvlhcn70Vlmgthi9mng 
The title compound is prepared as described in Example 6 with the exception that 2- 
bromopyridine is replaced by 3-chloromethylpyridine hydrochlonde. 



4245 



4250 



4255 




.-((C |.->.PvrrnliHnne- '^-^ M1^nnn,.thvncarbonvloxv-?-phenyll?en70Vlmgth^^^^^ 

f xnmple 8A 

TO a solution of 4-hydroxy-2-phenylbenzoyl methionine methyl ester (l.O equivalent) from 
Example 6E in methylene chloride is added a solution of phosgene m toluene (1.0 
equivalent) and p-dimethylaminopyridine (2.0 equivalents). When the reaction is judged 
complete by TLC analysis, the solvent is evaporated with toluene chasers. The 
chloroformate is reacted without further purification with (5)-5-aminomethyl-2.pyrTohdone 
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(1.0 equivalent) and triethylamine (1.0 equivalent) in dichloromethane. When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate and washed with IN HCl 
4260 and brine, evaporated, and purified by chromatography on silica gel. 

Example 8B 

4-rr5)-2-Pvrrolidone-5-aminomethvncarbQnvloxv-2-phenvlbenzovl methionine 
The resultant compound from Example 8 A is hydrolyzed according to the procedure of 
4265 Example IB to give the title product. 




4270 Example 9 

4-(fyi-2'Pyrrolidone-5'aminomethvnthiocarbonvloxv-2-phenylbenzovl methionine methvl 

ester 

The title compound is prepared as described in Example 8 with the exception that phosgene 
in toluene is replaced by thiophosgene. 

4275 




E?^^mple 10 

4280 4-f(SV2-Pyrrolidone-5-aminomethvl)sulfmyloxy)-2-phenylbenzoyl methionine 

The title compound is prepared as described in Example 8 with the exception that phosgene 
in toluene is replaced by thionyl chloride. 
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Example 1 1 

4-frSV2-FNriTolidone-5-aminomethvnsulfonvloxvV2-phen vlbenzQvl methionine 
The title compound is prepared as described in Example 8 with the exception that phosgene 
4290 in toluene is replaced by sulfuryl chloride. 




4295 Example 12 

4-(3-PvridvlmethvlenthioV 2-phenvlben2ovlmethionine 

Exa^^ple I2A 
4-Mercapto-2-phenvlbenzoic acid methyl ester 
4300 A solution of methyl 4-amino-2-phenylbenzoic acid (1.0 equivalent) in dilute aqueous 

H2SO4 is treated with NaN02 (1.1 equivalents) to form the diazonium salt. The reaction is 
treated with Sg (10 equivalents) and heated. The mixture is extracted into ethyl acetate 
which is dried and evaporated. The title thiophenol is purified by chromatography on silica 
gel. 

4305 

Example 12B 

4-(2-PvridvlmethvlenthioV2-phenvlben2oic acid methyl ester 
A solution of the resultant thiophenol (1.0 equivalent) from Example 12A is treated with 2- 
4310 chloromethylpyridine hydrochloride ( 1 .0 equivalent) in the presence of a NaH (2.0 

equivalents), or K2CO3 (3.0 equivalent)s in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel. 
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4315 Example 12C 

4-(2-PvridvlthioTnethvlen)-2-phenvlhenzoic acid 
The resultant compound from Example 12B is hydrolyzed according to the procedure of 
Example 6C to give the title acid. 



4320 



4325 



Example \2D 

4-(2-Pvridvlt hiomethvlenV 2-phenvlbenzovlmethiQn ine methvl ester 
The resultant product from Example 12C is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 



Example 12E 

4-f2-Pyridvlthiomethvlen)-2-phenvlbenzovlmethionine methvl ester, alternate procedure 1 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in dilute 

4330 aqueous H2SO4 is treated with NaN02 (1.1 equivalents) to form the diazonium salt. The 
reaction is treated with Sg (10 equivalents) and heated. The mixture is extracted into ethyl 
acetate which is dried and evaporated to afford 2-phenyl-4-mercaptobenzoyl-methionine 
methyl ester. The thiophenol is purified by chromatography on silica gel. A solution of this 
thiophenol (1.0 equivalent) is treated with 2-chloromethylpyridine hydrochloride (1.0 

4335 equivalent) in the presence of a NaH (2.0 equivalents), or K2CO3 (3.0 equivalents) in DMF 
or pyridine. The product is isolated by removal of the solvent and chromatography on silica 
gel. 



4340 Example 12F 

4-f 2-PvridvlthiomethylenV2-phenylbenzQylmethionine methvl ester, alternate procedure 2 
Methyl 4-amino-2-phenylbenzoate (100 mmol) is mixed in 50% sulfuric acid, and is cooled 
by a ice-water bath. To the above rnixture with good stirring is added slowly a cold solution 
of sodium nitrite (110 mmol) in water, the reaction temperature is kept under 10 °C. 

4345 Powdered anhydrous sodium carbonate ( 100 mmol) is carefully added to the cold reaction 
mixture in small portions, until the reaction mixture reaches pH 7 to 8. Then, the reaction 
mixture is added in small portions to a solution of sodium p-methoxybenzylsulfide 
(prepared from reaction 1 10 mmol of p-methoxybenzylthiol with 55 mmol of 2.0 M NaOH 
aqueous solution). After completion of the addition, the reaction mixture is refluxed until 

4350 judged complete by TLC analysis. The reaction mixture is then extracted with ether, and the 
organic extracts are washed sequentially with aqueous sodium carbonate solution, water and 
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I, 



brine, dried with anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The 
residue is then purified by column chromatography on silica gel. The product thus obtained 
is dissolved in methanol and water , followed by addition of lithium hydroxide (200 mmol), 

4355 and the mixture is refluxed until hydrolysis is judged complete by TLC analysis. The 
reaction mixture is then acidified with 6 N HCl, and extracted into ethyl acetate. The 
organic extracts are washed with brine, dried with anhydrous sodium sulfate, and 
concentrated in vacuo. The crude product obtained is redissolved in methylene chloride, 
followed by addition of l-(3-dimethyIaminopropyl)-3-ethylcarbodiimide (1.1 equivalent) 

4360 and 1 -hydroxybenzotriazol ( 1 .2 equivalent). The reaction is stirred until it is judged 

complete by TLC analysis, and then is diluted with ether. The mixture is washed with, 
water, brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. 
The residue is then purified by column chromatography on silica gel. The resulting product 
is dissolved in trifluoroacetic acid and anisole (1.5 equivalent), and mercury diacetate (1.2 

4365 equivalent) is added. After TLC shows no starting material left, the reaction mixture is 
diluted with ether, washed with water, brine, dried over anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The resulting crude material is purified by column 
chromatography to afford 2-phenyl-4-mercaptobenzoyl-methionine methyl ester. A solution 
of this thiophenol (1.0 equivalent) is treated with 2-chloromethylpyridine hydrochloride (1,0 

4370 equivalent) in the presence of a NaH (2.0 equivalents), or K2CO3 (3.0 equivalents) in DMF 
or pyridine. The product is isolated by removal of the solvent and chromatography on silica 
gel. 

Example 12q 

4375 4-f3-PvridvlthiomethvlenV 2-phenvlbenzovlmethionine 

The resultant compound from Example 12D is hydrolyzed according to the procedure of 
Example IB to give the title product. 
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4380 




CONHMet 



Example \3 
4-f2-PyridylthioV2-phenvlbenzovlmethionine 



4385 



Example 13A 
4-Fluoro-2-phenvl benzoic acid methyl ester 



A solution of methyl 4-annino-2-phenylbenzoate (1.0 equivalent) in dilute aqueous HBF4 is 
treated with NaN02 (1.1 equivalents) until an excess of nitrous acid persists. The mixture 
is extracted into ethyl acetate which is dried and evaporated. The title ester is purified by 
4390 chromatography on silica gel 

Example 13B 
4-Fluoro-2-phenvl benzoic acid 
The resultant compound from Example 13A is hydrolyzed according to the procedure of 
4395 Example 6C to give the title acid. 

gx^ple 13c 
4-FluQrQ-2-phenvl benzovl methionine methvl ester 
The resultant product from Example 13B is coupled to methionine methyl ester according to 
4400 the procedure of Example IC to give the title compound. 



A mixture of the resultant fluorobenzoate from Example 13C (1.0 equivalent) and 2- 
4405 mercaptopyridine (1.0 equivalent) is treated with K2CC)3 (2.0 equivalents) or NaH ( 1 .0 
equivalent) in DMF or DMSO and is stirred until the reaction is judged complete by TLC 
analysis. The mixture is diluted with water and extracted into ethyl acetate which is dried 
and evaporated. Chromatography of the residue on silica gel affords the title compound. 

4410 Exfflffply 13E 

4-r2>PvridvlthioV2-phenvl b enzovl methionine methvl ester, alternate procedure 1 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in dilute 
aqueous H2SO4 is treated with NaN02 (11 equivalents) to form the diazonium salt. The 



Example 13D 

4-f2-PvridvlthioV2-phenyl benzovl methionine methvl ester 
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reaction is treated with Sg (10 equivalents) and heated. The mixture is extracted into ethyl 
4415 acetate which is dried and evaporated. The title thiophenol is purified by chromatography 
on silica gel. A solution of this thiophenol (1.0 equivalent) is treated with 2-bromopyridine 
hydrobromide (1 .0 equivalent) in the presence of a NaH (2.0 equivalent), or K2CO3 (3.0 
equivalent)s in DMF or pyridine. The product is isolated by removal of the solvent and 
chromatography on silica gel. 

4420 

Example 13F 

4-f2-PvridvlthioV2-phenvl benzoyl methionine meth vl ester, alternate procedure 2 
A solution of the resuUant thiophenol from Example 12A ( 1 .0 equivalent) is treated with 2- 
bromopyridine hydrobromide (1.0 equivalent) in the presence of a NaH (2.0 equivalents), 
4425 or K2CO3 (3.0 equivalents) in DMF or pyridine. The product is isolated by removal of the 
solvent and chromatography on silica gel. The resultant ester is hydtolyzed according to the 
procedure of Example 6C and then is coupled to methionine methyl ester according to the 
procedure of Example IC to give the title compound. 

4430 Example 13G 

4-(2-PvridvlthioV2-phenylbenzovlmethionine 
The resultant compound from Example 13D is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4435 




4440 



Example 14 

4-(2-PvridvlstilfonvlV2-phenvlhenzovl methionine 



Example 14A 

4-(2-Pvridvlsulfonvn-2-phenvlben7oic acid me thvl ester 
A solution of 4-(2-pyridylthio)-2-phenylbenzoic acid methyl ester (Example 13F) is 
carefully treated with two equivalents of meto-chloroperbenzoic acid in methylene chloride at 
4445 low temperature and the reaction is then quenched with aqueous NaiSOa when judged 

complete by TLC analysis. The layers are separated and the organic phase is extracted with 
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aqueous NaHCOs to remove the m-chlorobenzoic acid. The product is isolated by removal 
of the solvent and is purified by chromatography on silica gel. 



4450 



4455 



4460 



4465 



Example \4B 
4-(2-Pvridvls ulfonvlV2-D henvlbenzQicacid 
The resultant compound from Example 14A is hydrolyzed according to the procedure of 
Example 6C to give the title acid. 

Example 14C 

4-(2-pvridvlsulfQnvn-2-phenvlbenzoylmethionin e methvl ester 
The resultant product from Example 14B is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 

Exampte HP 
4-r2-PvridvlsulfonvlV2-phenvlbenzovlmethionine 
The resultant compound from Example 14C is hydrolyzed according to the procedure of 
Example IB to give the title product. 




Example 15 

4-f3-Py rid yltb iomQ^hylen)-2-ptieny}bgazoylmethionine 
4470 The title compound is prepared from the resultant product of Example 12B using the 
procedures from Example 14. 




4475 



^;;wiple 16 

4-ff2-AminopyridvnmethvleneV2-phenylbenzoylmethionine 
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Example 16A 

4480 9-Phftpvlterephthalic acid mnpn methvl ester 

A solution of 4-bromo-2-phenylbenzoic acid methyl ester (1.0 equivalent), Pd(0Ac)2 (0.05 
equivalent) and DPPE (1.0 equivalent) is heated in DMF to 65^ C under 4 atm. of carbon 
monoxide until TLC analysis indicates that the reaction is complete. The reaction mixture is 
poured into water and extracted with ethyl acetate which is dried and evaporated. The 

4485 product is purified by chromatography on silica gel. 

Example 16B 

4-fHvdroxvm ethvn-2-phenvlbenzQic acid methvl ester 
The resultant acid from Example 16A ( 1 .0 equivalent) is u-eated with a slight excess of N- 
4490 methylmorpholine (1.1 equivalent) and isobutylchloroformate ( 1 .0 equivalent) in THF at 0° 
C. The mixture is then ureated with NaBH4 (1.0 equivalent) and aqueous NaHCOs and 
stirred at 0*" C until the reaction is judged complete by TLC analysis. The mixture is poured 
into dilute aqueous acid and extracted into ethyl acetate which is dried and evaporated. The 
product is purified by chromatography on silica gel 

4495 

Example 16C 
4-rHvdroxvmethvlV2-Dhenvlbenzoicacid 
The resultant compound from Example 16B is hydrolyzed according to the procedure of 
Example 6C to give the title acid. 

4500 

Exa^lple l^D 

4-fHvdroxvmethvn'2-phenvlbenzovl methio nine methvl ester 
The resultant product from Example 16C is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 

4505 

Example 16E 
4-formvl'2-phenvlbenzovl methionin e methvl ester 
A mixture of the resultant alcohol from Example 16D (1.0 equivalent), N- 
4510 methylmorpholine-N-oxide (1.5 equivalents), molecular sieves, and a catalytic amount of 
TPAP is stirred in a CH2Cl2/acetonitrile mixture until the reaction is judged complete by 
TLC analysis. The mixture is diluted with ethyl ether and filtered through Si02. The 
product is purified by chromatography on silica gel. 

4515 
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F.yai^iple 16F 

4-f formvlV2-Dhenvlhen 7nYl methionine methyl ester, alternate procedure 
A mixture of (2-phenyl-4-bromobenzoyl) methionine methyl ester (100 mmol), 4,4,6- 
trimethyl-2-vinyl-l,3,2-dioxaborinane (100 nunol). tetrakis(triphenylphosphine)palladium 

4520 (0) (3 mmol) in toluene and 2 M sodium carbonate in water (100 mL) is heated at 80 °C until 
die starting methyl ester disappears. The resulting mixture is extracted with ether, and 
washed with water, brine, dried over anhydrous magnesium sulfate, filtered, and 
concentrated in vacuo. The residue is then purified by column chromatography on sihca 
gel. To a solution of the resulting, vinyl compound in dioxane/water (4/1) is added osmium 

4525 tetraoxide (0.03 equivalent), N-methylmorpholine N-oxide (3 equivalents), and the reaction 
is stirred at 25 °C until TLC analysis shows the reaction to be complete. The reaction 
mixture is extracted with ether, which is washed with water and brine, dried over anhydrous 
magnesium sulfate, filtered, and concentrated in vacuo. The residue is then purified by 
column chromatography on silica gel to afford the tide product. 

4530 



Example 16G 

4'rHydroxvmethvn-2-phenvlbenzovl methionine methvl ester, alternate procedure 
To a solution of the resultant compound from Example 16E in ethanol at 0 is added 
4535 sodium borohydride (0.5 equivalent), and the reaction is stirred at 0 °C until TLC analysis 
shows the reaction to be complete. The reaction mixture is extracted with etiier, which is 
washed with water and brine, dried over anhydrous magnesium sulfate, filtered, and 
concentrated in vacuo. The residue is then purified by colunm chromatography on silica gel 
to afford the title product. 

4540 



Example 16H 

4-r(2-Aininopvridvnmethvlenel-2-phenvlbenz ovlmethionine methvl ester 
A mixture of the resultant aldehyde from Example 16E (1.0 equivalent), 2-aminopyridine 
4545 ( 1 .0 equivalent) and NaCNBHs ( 1 .5 equivalents) in methanol/acetic acid is stirred until the 
reaction is judged complete by TLC analysis. The mixture is poured into aqueous NaHCOs 
and extracted into ethyl acetate which is dried and evaporated. Chromatography of the 
residue on silica gel affords the tide compound. 



4550 

Example 161 

4-rf2-Aminopvridvnmethvle ne1-2-phenvlbenzovlmethionine 
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4560 
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The resultant compound from Example 16H is hydrolyzed according to the procedure of 
Example IB to give the title product. 




CONHMet 



Fxample 17 

4-rr^-aminomet tiY'rY"'^^^^"^ethvlene1-2-phenvlhen7,0Ylmethionine 
Using the procedures of Examples 16F-G and replacing 2-aminopyridine with 3- 
aminomethylpyridine affords the title product. 



4565 



4580 




Example 18 

A.f(C )-9-Pvrrnlidnne-5-aminnmethvlcarh nn yl^aminomethv1-?.-nhenvlben70Y|lhethiomn^ 

4570 Exffliple 18A 

4-r A7.idnmethvl)-^-phRnvlheP 7ovl methionine methyl ester 
To triphenylphosphine (1.0 equivalent) in tetrahydrofuran (THF) at -78° C is added diethyl 
azodicarboxylate (l.O equivalent) in THF. To this mixture is added a solution of hydrazoic 
acid in benzene (2.0 equivalents) and then the resultant compound from Example 16D (1.0 

4575 equivalent). After one hour the mixture was warmed to room temperature, stirred until the 
reaction is judged complete by TlX analysis, evaporated and chromatographed on siUca gel 
to afford the title product. 



Example m 

4-f AminomethYn-2-phenv lhpn7.nvl metb^nninp- methvl ester 
To the resultant compound from Example ISA in methanol is added triethylamine (3.0 
equivalent) and propane 1,3-dithiol (3.0 equivalents). After the reaction is judged complete 
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4600 
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by TLC analysis, the mixture is filtered and evaporated. Chromatography of the residue on 
silica gel provides the title product. 



Example 18C 

4*f(y}-2-Pvrrolidone-5-aminomethvlcarbonyl)aminomethvl-2-phenvlbenzovl methionine 

methyl ester 

To a solution of the resultant compound from Example 1 SB (1.0 equivalent) in methylene 
4590 chloride is added triphosgene (0.33 equivalent) and triethyl amine (2.0 equivalents). This 
intermediate is reacted without further purification with (5)-5-aminomethyl-2-pyrroUdone 
(1.0 equivalent) and triethylamine (1.0 equivalent). When judged complete by TLC 
analysis, the reaction is taken up in ethyl acetate and washed with IN HCl and brine, 
evaporated, and purified by chromatography on silica gel. 



Example 18D 

4-ffy)-2-Pvrrondone-5-aminomethylcarbonynaminomethyl-2-phenylbenzoyl methionine 
The resultant compound from Example 18C is hydrolyzed according to the procedure of 
Example IB to give the title product. 




Example 19 

4605 4-((5^-2-Pyrrolidone-5-aniinomethvlthiocarix)nyl)aminomethyl-2-phenylbenzoy methionine 
The title compound is prepared as described in Example 18 with the exception that 
triphosgene (0,33 equivalent) is replaced by thiophosgene (1.0 equivalent). 
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Example 20 

^ (I ^.o.PV1^^^1irinne■-^-amin^m.thvlsulfinvn^ m ir'^-> ^Yl-^-phg"V^^>«"7.^^ methionine 
The title compound is prepared as described in Example 18 with the exception that 
4615 triphosgene (0.33 equivalent) is replaced by thionyl chloride (1.0 equivalent). 



0 




4620 



Fxampie21 

d-(r^-?-Pvrro^i^r>nP-S-aminoni ^th vku1fonvnaminonieth methionine 
Using the Procedure of Example 4 with the resultant compound from Example 18B affords 
the title product. 



4625 




Example 22 

A.((C)-9,P yrrn1idone-5-aminni^PthvncarbonY ^^v yrt^^thvle^^^^^ 
4630 Using the procedure of Example 8 with the resultant compound from Example 16D provides 
the title product. 




MeS 

Example 23 
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4635 
4640 



4645 
4650 
4655 



4^(f51-2-F^^r^olidone-5^arninnmethv^thiocarbonvloxvmethvleneV2-phenvlbenzo 

methionine 

Using the procedure of Example 8 with the resultant compound from Example 16D and 
replacing triphosgene (0.33 equivalent) with thiophosgene (1.0 equivalent) provides the title 
product. 



^ ^CONHMet 
Example 24 

4-f2-AminopyridvlV2-phenylbenzovlmethionine 
Example 24A 

4-(2-Aminopvridvn-2-phenylbenzoylmethionine methyl ester 



4-Amino-2-phenylbenzoyl methionine (1.0 equivalent) methyl ester and 2-bromopyridine 
hydrobromide (1.0 equivalent) in pyridine are heated until the reaction is judged complete by 
TLC analysis. The solvent is evaporated and the residue is taken up in ethyl acetate which is 
washed with water and brine, dried, and evaporated. Chromatography on silica gel affords 
the tide product. 

Example 24B 
4-(2-Aminopyridyn-2-phenvlbenzoylmethionine 
The resultant compound from Example 24A is hydrolyzed according to the procedure of 
Example IB to give the tide product. 



CONHMet 
Example 25 

4-f3-AminomethvlpvridvlV2-phenvlbenzovlmethionine 
Example 25A 

4-(3-AminomethylpvridvlV2-phenylbenzovlmethionine methyl ester 
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A mixture of 3-pyridinecarboxaldehyde (1.0 equivalent), 4-amino-2-phenylben2oyl 
methionine methyl ester (1.0 equivalent) and NaCNBHs (1.0 equivalent) in methanol/acetic 
acid is stirred until the reaction is judged complete by TLC analysis. The mixture is poured 
into aqueous NaHCOs and extracted into ethyl acetate which is dried and evaporated. 
4670 Chromatography of the residue on silica gel affords the title compound, 

Fxample 25B 

4-(3-AminomethylpyndvlV2-phenvlbenz nylmethiomne 
The resultant compound from Example 25 A is hydrolyzed according to the procedure of 
4675 Example IB to give the title product. 




CONHMet 



4680 Example 26 

4-r(4-aminomethvlpvridvnmethvlenel-2-phenvlbenzQvlmethionine 
Using the procedures of Examples 25 with the resultant amine from Example 18B and 3- 
pyridinecarboxaldehyde affords the title product. 




Example 27 

4-f3-Pvridvloxvmethvlene)- 2-phenvlbenzovlmethionine 

4690 

Example 27 A 

4-f/?-ToluenesulfonvloxvV2>phenvlbenzovlmethion ine methvl ester 
The resultant compound from Example 16D (1.0 equivalent) and p-toluenesulfonyl chloride 
(1.0 equivalent) in pyridine are stirred until the reaction is judged complete by TLC analysis. 
4695 The solvent is evaporated and the residue is taken up in ethyl acetate which is washed with 
water and brine, dried, and evaporated. Chromatography on silica gel affords the title 
product. 
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ExaiTiple 27B 

4700 4-r3-PvridvloxvmethvleneV2-phenvlbenzovlmethionine methvl ester 

3-Hydroxypyridine (1.0 equivalent) is treated with sodium hydride (1.0 equivalent) in 
DMSO, then the resultant compound from Example 27 A (1.0 equivalent) is added. When 
judged complete by TLC analysis, the reaction is diluted with water and ethyl acetate, the 
organic layer is dried and concentrated, and the crude title compound is purified by 

4705 chromatography on silica gel. 

Example 27C 

4-f3-PvridvloxvmethvleneV2-phenvlbenzoylmethionine 
The resultant compound from Example 27B is hydrolyzed according to the procedure of 
4710 Example IB to give the title product. 




Example 28 

4715 4-f3-PvridvlmethoxvmethvleneV2-phenvlbenzovlmethionine 

Example 28A 

4-(3-Pvridvlmethoxvmethylene)-2-phenylbenzoylmethionine methvl ester 
Using the procedure of Example 27B but replacing 3-hydroxypyridine with 3- 
4720 hydroxymethylpyridine affords the title compound. 

Example 28B 

4-f 3-PyridylmethoxymethvleneV2-phenylbenzovlmethionine methvl ester, alternate 

procedure 

The resultant compound from Example 16D (1.0 equivalent) is treated with sodium hydride 
(2.0 equivalents) in DMSO, then 3-chloromethylpyridine hydrochloride (1.0 equivalent) is 
added. When judged complete by TLC analysis, the reaction is diluted with water and ethyl 
acetate, the organic layer is dried and concentrated, and the crude title compound is purified 
by chromatography on silica gel. 

faample28C 



-269- 



4735 



4740 



WO 98/50030 PCT/US98/09297 

4-r3-Pvridvlmettin;»fYF«^*^^vtg' ^'^^'^'P^^"^^^^"^°^^'"^^^^'^'' mpthvl ester 
The resultant compound from Example 28A is hydrolyzed according to the procedure of 
Example IB to give the title product. 




"CONHMet 
Example 29 

{?-Phenvl-4-r(thiazQl-2-vlaminokarb nnvlthio1benynvn-methionine 



Exam ple 29A 
T>iia^9l-;?-vlisncvanate 
A solution of 2-aminothiazol ( 1 .0 mmol). triphosgene (0.34 mmol) and triethylamine (1 .0 
mmol) in toluene (10 mL) is refluxed until TLC shows no starting amine left. The solvent is 
4745 then removed in vacuo, and the resulting material is used without further purification. 

F.xample29B 

{ 2-Phenvl-4-r(thiazol-2-vlaminokarhnnvlthiolbe n7.nvU-methionine methyl ester 
A solution of 2-phenyl-4-mercaptobenzoyl-methionine methyl ester from example 12E or 
4750 12F ( 1 .0 mmol) and the isocyanate prepared in example 29A ( 1 .0 mmol) in THE is refluxed 
until TLC shows no thiol left. The solvent is theii evaporated in vacuo, and the residue is 
purified by column chromatography on silica gel to give the title compound. 



Exempt? 29C 

4755 (2-Phenvl-4-rrthia7.nl-2-vlaminn^carhonvl rhin1hen7ovU -methionine methvl estcf. al^m^te 

procedure 

To a solution of 2-phenyl-4-mercaptobenzoyl-methionine methyl ester from example 12E oi 
12F (1 equivalent) in methylene chloride is added a solution of phosgene in toluene (1.0 
equivalent) and /^-dimethylaminopyridine (2.0 equivalents). When the reaction is judged 
4760 complete by TLC analysis, the solvent is evj^rated with toluene chasers. The 
thiochloroformate is reacted without ftirther purification with 2-aminothiazol (1.0 
equivalent) and triethylamine (1 .0 equivalent) in dichloromethane. When judged complete 
by TLC analysis, the reaction is taken up in ethyl acetate and washed with IN HCl and 
brine, evaporated, and purified by chromatography on silica gel. 

4765 
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Example 29D 

f 2-Phenvl-4-[( thiazoi-2-vlamino)carbonvlthio1bcnzovl ) -methionine 
The resultant compound from Example 29B is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4770 




Example 30 

4775 f 2-Phenvl-4-r( thien-2-vlmethvlamino)carbonvlthio1benzovl ) -methionine 

Using the procedure of Example 29 but replacing 2-aminothiazol with thien-2- 
yhnethylamine affords the title product. 



4780 CONHMet 

Example 31 

f 2-Phenvl-4-r(thia2ol-2-vlamino)thionylthio]benzoyl \ -methionine 

Example 31 A 

4785 (N-Thionvnthiazol-2-vlamine 

A solution of 2-aniinothiazol (1.0 nmiol), in thionyl chloride is heated at reflux until the 
reaction is judged to be. complete by TLC analysis. Then, the excess thionylchloride is 
distilled out in vacuo. The resulting material is used without fiirdier purification. 

4790 Example 3 IB 

f2-Phenvl-4-f(thiazol-2-vlamino')thionylthio1benzovn -methionine methyl ester 
Using the procedure of Example 29B but replacing the resultant product from Example 29A 
with the resultant product from Example 3 1 A affords the title compound. 

4795 Exam ptOIC 

f2-Phenvl-4-r(thiazol-2-vlamino^thionylthio1benzovll-methionine methvl ester, alternate 

procedure 
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Using the procedure of Example 29C but replacing phosgene in toluene with thionyl 
chloride affords the title compound. 



4800 



Pxample31D 

( 2-Phenvl-4-f f thia7Ql-2-ylflminoMhionvlthio1ben 7nYl } -methionine 



The resultant compound from Example 3 IB is hydrolyzed according to the procedure of 
Example IB to give the title product. 



4gj5 " CONHMet 

Exfflgpk 33 

(2-Phenvl-4-rfthiazol-2-vlaniino^sulfonvl thio1benzovn -methionine methyl ester 
Using the procedure of Example 31 but replacing thionyl chloride with sulfuryl chloride 
affords the title product, 

4820 



CONHMet 
Example 34 

{ 2-Phenvl-4-r(thien-2-vlmethvlaminQ^sulfonvlthio1ben zQvn -methionine 
Using the procedure of Example 31 but replacing 2-anunothiazol with thien-2- 
4825 yknethylamine and replacing thionyl chloride with sulfiiryl chloride affords the title product. 



4805 




4810 



E?campl^ 32 

{ 2-Phen vl-4-rrthien-2-vlmethvla mino)thionvlthiolbenzovl ) -methionine 
Using the procedure of Example 31 but replacing 2-aminothiazol with thien-2- 
ylmethylamine affords the title product. 
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4845 




CONHMet 



Example 35 

4830 ( 2'Phenvl-4-f(thiazol-2-vlamino)thiocarbonvlthio1benzQvl 1-methionine 

Using the procedure of Example 29 and replacing triphosgene (034 mmol) or a solution of 
phosgene in toluene (1.0 equivalent) with thiophosgene (1.0 mmol) affords the title product. 




CONHMet 

4835 Example 36 

{ 2-Phenyl-4-rfthien-2-vlmethvlaniinoHhiocarbonylthio1benzovU -methionine 
Using the procedure of Example 29 and replacing triphosgene (0.34 mmol) or a 
solution of phosgene in toluene (1.0 equivalent) with thiophosgene (1.0 mmol) and 
replacing 2-aminothiazol with thien-2-ylmethyIamine affords the title product. 

4840 




CONHMet 

5;^an(iple 37 

f2-PhenyM-f(thiazol-2-yl)thiomethyl1benzoyU-ipethionine 



Example 37 A 

f 2-Phenyl-4-[thiomet^yllbepzoYn-n)ethiomng methyl ester 
The resultant product from Example 27 A is dissolved DMF/water (2/1), and sodium 
hydrosulfide (5 equivalent) is added to the reaction mixture. The reaction is stirred until 
4850 TLC analysis shows that the reaction is complete. Then, the reaction mixture is acidified 
with 3 N HCl to about pH 4, extracted with ether, and washed with water and brine, dried 
over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue is 
purified with column chromatography on silica gel to give the tide compound. 

4855 Example 37B 

{2-Phenvl-4-rthiomethvllbenzovn-methiomne methvl ester, alternate procedure 
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To triphenylphosphine (1.2 equivalents) in THF at -78 °C is added diethylazodicarboxylate 
(L2 equivalents) in THF. After 10 min thiolacetic acid (1.3 equivalents) in THF is added 
followed by the resultant compound from Example 16D (1. equivalent) in THF. The 
4860 reaction is stirred at -78 "^C for 1 h and then at ambient temperature until it is judged to be 
complete by TLC analysis. The mixture is evaporated and the residue is taken up in 
methanol and is treated with K2CO3 (2 equivalents). When the reaction is judged to be 
complete by TLC analysis, the solvent is evaporated and the residue is chromatographed on 
silica gel to afford the tide product. 



{ 9.-Phenvl-4-r(thiazol'2-yl)thinmethvnbenzovn-met hinnine methvl ester 
A mixture of the resultant thiol from Example 37 A ( 1 mmol), 2-bromothiazole ( 1 .5 mmol), 
and anhydrous potassium carbonate (5 mmol) in DMF is stirred at 100 X until TLC analysis 
4870 shows that die starting thiol disappeared. Then, the reaction mixture is diluted with water, 
extracted with ether, and washed with water and brine, dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo. The residue is purified by column 
chromatography on silica gel to give the tide compound. 

4875 { 2-Phenvl-4-rfthiazol-2-vnthiomethv nben2Qvn -methionine 

The resultant compound from Example 37C is hydrolyzed according to die procedure of 
Example IB to give the title product. 



4880 ^-CONHMet 

Example 38 

f 2-Phenvl-44f thien-2-vlmethvnthiometh vllbenzovl 1 -methionine 
Using die procedure of Example 37 and replacing 2-bromotixiazole widi 2- 
bromomethyltiiiophene affords the tide product. 

4885 



4865 



Example 37C 





Example 39 
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{2-Phenvl-4-[(thia 7Ql-2-vlaminQ^carbonvlthiQmethvnhenzovn-methiQ^ 
4890 Using the procedure of Example 29 with the resultant product from Example 37A affords 
the title product. 



4900 




v.. 

CONHMet 

4895 Example 40 

f 2-Phenvl-4-f (thia2ol-2-vlamino)carbonvlthiomethvl]benzovl ) -methionine 
Using the procedure of Example 29 with the resultant product from Example 37 A and 
replacing 2-aminothiazol with thien-2-yimethylamine affords the title product. 




H ^ ^ 

^CONHMet 
Example 41 

{ 2-Phenvl-4-rf thia2ol-2-vlamino)thiocarbonvlthiomethvnbenzovl \ -methionine 
Using the procedure of Example 29 with the resultant product from Example 37 A and 
4905 replacing triphosgene (0.34 mmol) or a solution of phosgene in toluene (1 .0 equivalent) 
with thiophosgene ( 1 .0 nimol) affords the title product. 




4910 Example 42 

f2-Phenyl^rfthiazol-2-vlaniino)thiocarbonvlthiomethvl1benzoyn-methionine 
Using the procedure of Example 29 with the resultant product from Example 37 A, replacing 
triphosgene (0.34 nrniol) or a solution of phosgene in toluene (1.0 equivalent) with 
thiophosgene (1.0 mmol), and replacing 2-aminothiazol with thien-2-ylmethylamine affords 

4915 the tide product. 
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CONHMet 
Example 43 

( 2-Phenvl-44f thiazol-2-y lamino^thionvlthiomethvllbenzovl 1 -methionine 




4920 



Using the procedure of Example 3 1 with the resultant product from Example 37 A affords 
the tide product. 



4925 ^CONHMet 

Example 44, 

( 2-Phenvl-4-f f thien-2-vlmethvlaniinoHhionvlthiomethyl1benzovl 1 methionine 
Using the procedure of Example 3 1 with the resultant product from Example 37 A and 
replacing 2-aminothia2ol with thien-2-ylmethylamirie affords the title product. 

4930 



CONHMet 
Example 45 

( 2-Phenvl-44 (thiazol-2-vlamino^sulfonvlthiomethvllbenzovl I -methionine 
4935 Using the procedure of Example 31 with the resultant product from Example 37 A and 
replacing thionyl chloride with sulfuryl chloride affords the title product, affords the title 
product. 





4940 




Example 46 

{ 2-Phenvl-4-rf thien-2-vlmethvlamino^sulfonvlthiomethvnben2oyl } -methionine 
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Using the procedure of Example 31 with the resuhant product from Example 37 A, replacing 
thionyl chloride with sulfiiryl chloride, and replacing 2-aminothiazol with thien-2- 
4945 yhnethylamine affords the title product. 



Example 47 A 
f4-Ethvnvl-2-phenvlbenzovnmethionine methyl ester 
A mixture of (2-phenyl"4-bromobenzoyl)-methionine methyl ester (100 mmol), 

4955 diethylamine (300 mmol), trimethylsilylacetylene ( 1 10 mmol), bis(triphenylphosphine) 
palladium diacetate (5 mmol) and copper(I) iodide (3 mmol) in toluene is heated at 60 °C 
until TLC analysis indicates the starting methyl ester has disappeared. The reaction mixture 
is concentrated in vacuo, redissolved in ether, filtered through silica gel, and concentrated. 
The residue is then dissolved in THF, and is treated with tetrabutylammonium fluoride (120 

4960 mmol). After TLC analysis indicates that no starting material is left, the reaction mixture is 
diluted with ether, washed with water and brine, dried over anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The residue is then purified with column 
chromatography on silica gel to give the title product. 

4965 Example 47B 

(4-|'2-Qmidazol-2-ynethynyi]-2-phenvlben2oyl }-methionine methyl ester 
The resultant product from Example 47A (5 nmiol) is mixed with 4-bromoimidazole (5 
mmol), diethylamine (1 mL), bis(triphenylphosphine) palladium diacetate (0.1 mmol) and 
copper(I) iodide (0,1 mmol) in toluene. The mixture is stirred at 25 °C until TLC analysis 

4970 indicates the reaction is complete. The reaction mixture is concentrated in vacuo, and the 
residue is purified with colunm chromatography on silica gel to give the title product. 




4950 



Example 47 

f 4- r2'f Iniida2ol-2-ynethvnvl1-2-phenvlbenzovl ) methionine 



4975 



E?^ample 47C 

{ 4-f 2-f hpidazQ}-?-y npthynyn-2-phcny Ib^n^oy 1 ) -methionine 
The resultant compound from Example 47B is hydrolyzed according to the 
procedure of Exan^)le IB to give the title product. 
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CONHMet 
Example 48 

( 4-r2-(Imidazol-4-ynethenvn-2--phenvlbenzovn -methionine 




4980 



The resultant acetylene (3 mmol) from Example 47 is mixed with Lindlar catalyst (50 mg), 5 
drops of quinoline in ethyl acetate. The reaction mixture is attached to a hydrogenation 
apparatus, and then is detached from the apparatus after about 95% of the theoretical 
4985 hydrogen has been absorbed. The reaction mixture is filtered and concentrated in vacuo. 
The crude product is purified with a column chromatography on silica gel to give the title 
compound. 



The resultant olefin (1 mmol) from Example 48 is mixed with 5% palladium on carbon, (100 
mg) in ethyl acetate. The reaction mixture is attached to a hydrogenation apparatus, and then 
4995 is detached from the apparatus after about 95% of the theoretical hydrogen has been 

absorbed. The reaction mixture is filtered and concentrated in vacuo. The crude product is 
purified with a column chromatography on silica gel to give the title compound. 



4990 



^CONHMet 
Example 49 

( 4-r2-riniidazol-4-y nethyl1-2-phenvlbenzoyl \ -methionine 




5000 




E^camplQ go 

(4-r2-amidazol-4-vlcarbonvnethvnvll-2-phenvlbenzovn-methiQnine 

E)^^ple 50A 

(4-r2-(Imidazol-4-vlcarbonvncthvnvn-2-phenvlbenzovn-methionine methvl ester 
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5005 A stainless autoclave containing the resultant product from Example 47A (5 nunol), 4- 

bromoimidazole (5 mmol), l,r-bis(diphenylphosphine)"ferrocenepalladiumdichloride (0.1 
mmol), and triethyiamine (10 mL) is flushed with nitrogen, and pressurized to 20 atm with 
carbon monoxide. The reaction mixture is stirred at 120 °C until judged complete by TLC 
analysis. After cooling, the triethylamifte is evaporated in vacuo, and the residue is purified 

5010 by column chromatography on silica gel to give the tide compound. 

Example 50B 

< 4-r2-amidazol-4-vlcarbonvnethv nvll-2-phenvlbenzovl \ -methionine 
5015 The resultant compound from Example 50A is hydrolyzed according to the procedure of 
Example IB to give the title product. 




Example 51 

5020 f 4-r2-(Imidazol-4-vlcarbonyl)ethenyll-2-phenylbenzoyn-methionine 

Using the procedure of Example 48 with the resultant compound from Example 50 affords 
the title product. 



5025 




Exarpplg 52 

\ 4-r2-amida2ol-4-ylcarbonvne thvn-2-phenvlbenzovn-methiomne 
Using the procedure of Example 49 with the resultant compound from Example 51 affords 
the tide product. 

5030 




E?^amplfi 53 
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5035 



5040 



5045 



5050 



5055 



5060 



( 4-f4-( 1 -Methvliinida2oM-Yl)-'^-keto- 1 -butvnvl1-2-phenvlbenzQvl ) methionine 

Example 53A 

{4-[4-( 1 -Methvliniidazol-4-yn-3-keto- 1 -butvnvI1-2-phenvlhenzovil -methionine methvl 

ester 

To a solution of l-methyl-4-imidazoleacetic acid (5 mmol) in methylene chloride at 0 °C is 
added oxalyl chloride (6 mmol) and DMF (0.05 mmol). After 30 minute^ the solvent is 
evaporated in vacuo. The residue is redissolved in dichloromethane, followed by the 
addition of the resultant acetylene from Example 47 A (5 mmol), triethylamine ( 10 nraiol), 
and copper(I) iodide (1 nmiol). The reaction is stirred at 25 until TLC analysis indicates 
no starting material is left in the reaction mixture. The reaction is diluted with ether, washed 
with water and brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in 
vacuo. The residue is then purified by column chromatography on silica gel to give the title 
compound. 

Example 53B 

1 4-r4-( 1 -Methvlinfiidazol-4-vlV3-keto- 1 -butvnvn-2-phenv lbenzovl ) -methionine 
The resultant compound from Example 53A is hydrolyzcd according to the procedure of 
Example IB to give the title product. 



Example 54 

f 4-r4-( 1 -Methvlimidazol-4-vn-3-keto- 1 -butenvll-2-phenvlben zovl \ -methionine 
Using the procedure of Example 48 with the resultant compound from Example 53 affords 
the title product. 




CONHMet 
Examplg ^5 

f 4-f4-( 1 -Methvlimidazol-4-ylV3-keto- 1 -butyll-2-phenylbenzoyl } -methionine 
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5065 Using the procedure of Example 49 with the resultant compound from Example 53 affords 
the tide product. 




5070 Example 56 

(S) PvroglutamvN(4-amino-2-phenvnbenzovl methionine 

Example 56A 

(S) Pvroglutamvl-(4-amino-2-phenvl)benzovl methionine methvl ester 
5075 To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester ( 1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by pyroglutamic acid (1.0 equivalent) and l-(3- 
dimehtylaminopropyl)-3-etiiylcarbodiimide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with IN 
5080 HCl and saturated brine, and then is dried and evaporated. The crude reaction mixture is 
purified by column chromatography to afford the title product. 

Example 56B 

(S) Pyroglutamvl-f4-amino-2-phenvnbenzoyl methionine 
5085 The resultant compound from Example 56A is hydrolyzed according to the procedure of 
Example IB to give the title product. 




MeS 

5090 Example $7 

(S) Pvroglutamvl-r4-amino-2-phenvnbenzovl methionine 



-281- 



wo 98/50030 



PCT/US98/09297 



Using the procedure of Example 56 and replacing pyroglutamic acid with 3-pyridylacetic 
acid affords the title product. 

5095 




Example 58 

(.^ Pvroglutamvl-f4-aminomethvl-2-phenvnben 70vl methionine 

Rxample 58A 

(yi Pvroghitamvl-f4-aminomethvl-2-phenvnbe nzovl methionine methvl ester 
To a solution of the resultant amine from Example 1 8B ( 1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-l,2,3-benzptriazin-4(3H)-one (1.5 
equivalents) followed by pyroglutamic acid (1.0 equivalent) and l-(3- 
dimehtylaminopropyl)-3-ethyicarbodiimide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with IN 
HCl and saturated brine, and then is dried and evaporated. The crude reaction mixture is 
purified by column chromatography to afford the title product. 

5110 Example 58B 

(S) PvrQglutamvl-f4-amino methvl-2-phenvnbenzovl methionine 
The resultant compound from Example 58A is hydrolyzed according to the procedure of 
Example IB to give the title product. 

5115 




MeS 

Example 59 

naming prm rT.y^ Pvrnplutamvl-f4-aminomethv l-2-phenvnbenzovl methionine 



5100 



5105 
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Using the procedure of Example 58 and replacing pyroglutamic acid with 3-pyridylacetic 
5 1 20 acid affords the title product. 




Exaffiple 60 

5125 4-rfPvridin-2-vlaniinokarbonvn-2-phenvlben2ovl methionine 

Example 60A 
4-CarboxV'-2-phenvlbenzovl methionine methvl ester 
A solution of 4-bromo-2-phenylbenzoyl methionine methyl ester (1. 0 equivalent), Pd(0Ac)2 
5 130 (0.05 equivalent) and DPPE ( 1 .0 equivalent) is heated in DMF to 65° C under 4 atm. of 
carbon monoxide until TLC analysis indicates that the reaction is complete. The reaction 
mixture is poured into water and extracted with ethyl acetate which is dried and evaporated. 
The product is purified by chromatography on silica gel. 



5135 Example 6QB 

4-ffPvridin-2-vlamino)carbonvlV2-phenvlbenzoyl methionine methvl ester 
To a solution of the resultant acid from Example 60 A (1.0 equivalent) in DMF is added 3- 
hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 equivalents) followed by 2-aminopyridine ( 1.0 
equivalent) and l-(3-dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 

5 140 equivalents). When judged complete by TLC analysis, the reaction is taken up in ethyl 

acetate which is washed by IN HCl and saturated brine, and then is dried and evaporated. 
The crude reaction mixture is purified by column chromatography to afford the title product. 



Example 60C 

5145 4-[(Pyridin-2-ylamino)carbonvll-2'phenylbenzovl methionine 

The resultant compound from Example 60B is hydrolyzed according to the procedure of 
Example IB to give the title product. 
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5150 



5155 



5160 




Example 61 

4-fryi-2-Pvrrolidone-5-aminQmethvncarbonylV2-phenvlbenzovl methionine 
Using the procedure of Example 60 and replacing 2-aminopyridine with (5)-5-aminomethyl- 
2-pyrrolidone affords the title product. 




OH 



g^ample 02 

4-rrPyridin-2-vlamino)carbQnvlmethvn-2-phenvlb enzovl methionine 



Example 62A 

4-DiazQcarbQnyl-2-phenvlbenzovl methionine methvl ester 
The resultant acid from Example 60A (1 equivalent) in dichloromethane is treated with 
oxalyl chloride (1 equivalent) and DMF (0.05 equivalent). When gas evolution has ceased, 
5165 the acid chloride solution is added to an ether solution of diazomethane: The reaction is 

stirred until judged complete by TLC analysis, and then is concentrated to give the crude title 
compound which is purified by chromatography on silica gel. 



Example 62B 

5170 4>carboxvmethvl-2-phenylbenzovl methionine methvl ester 

The resultant compound from Example 62 A (1 equivalent) in dioxane is added to a slurry of 
sodium thiosulfate (LI equivalents) and silver (I) oxide (0.5 equivalent) in water. The 
reaction is stirred until judged complete by TLC analysis, filtered, acidified, and extracted 
into ethyl acetate which is dried and evaporated. Chromatography of the residue on silica 

5175 gel affords the title product. 

gj^ampHe 02C 
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4-r(Pvridin-2-vlamin okarbonvlmethvl1-2-phenvlbenznvl methionine methvl ester 
To a solution of the resultant acid from Example 62B (1.0 equivalent) in dimethylformamide 

5180 (DMF) is added 3-hydroxy-l,2,3-benzotria2in-4(3H)-one (1,5 equivalents) followed by 2- 
aminopyridine (1.0 equivalent) and l-(3-dimehtylaniinopropyl)-3-ethylcarbodiimide 
hydrochloride (1.5 equivalents). When judged complete by TLC analysis, the reaction is 
taken up in ethyl acetate which is washed with IN HCl and saturated brine, and then is dried 
and evaporated. The crude reaction mixture is purified by column chromatography to afford 

5185 the title product. 



Example 62D 

4-[(Pyridin-2-vlaminokarbonylmethyn-2-phenvlhcnzovl methionine 
The resultant compound from Example 62C is hydrolyzed according to the procedure of 
5190 Example IB to give the title product. 




Example 63 

4-(f5)-2-Pvrrolidone-5-aminomcthvncarbonvlmethvn-2-ph envlbenzovl methionine 
Using the procedure of Example 62 and replacing 2-aminopyridine with (S)-5-aminomethyl- 
2-pyrrolidone affords the title product. 



5200 




Example 64 

4-f(^-2-PyrrolidQne-5-mettio?cycarbQpynamino-2-phpnylbgMQ^ mfittoTHine 
The title compound is prepared as described in Example 1 with the exception that (S)'5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
5205 pyrrolidone ( 1 .0 equivalent) and CuCl (0. 1 equivalent). 
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Example 65 

5210 4-a.?^-2-Pvrrnlirione-5-methoxvthiocarhnnvnami no-2-phenv]hen7.ovl methionine 

The title compound is prepared as described in Example I with the exception that (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 equivalent) is 
replaced by thiophosgene (1.0 equivalent). 

5215 



5225 




Example 66 

4-ff.<A-2-PviTolidone-5-methoxvsulfinvnamino-2 -phenvlbenzovl methionine 
5220 The title compound is prepared as described in Example 3 with the exception that (S)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent). 




Example 67 

4-r(yi-2-Pvnn1idone-5-met hoxvsulfonvnamino-2-Dhenvlbenzovl methionine 



-286- 



wo 98/50030 



PCT/US98/09297 



The title compound is prepared as described in Example 4 with the exception that (5)-5- 
aminomethyl-2-pyrroiidone ( LO equivalent) is replaced by (5)-5-hydroxymethyl-2- 
5230 pyrrolidone ( 1 .0 equivalent) and CuCl (0. 1 equivalent). 




MeS 

Example 68 

5235 4-(Pyridin-3-vlmercaptocarbonynamino-2-phenvlbenzovl methionine 

The title compound is prepared as described in Example 1 with the exception that (5)-5- 
anunomethyl-2-pyrrolidone (1.0 equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent). 

5240 




MeS 

Exaqiplie 69 

4-fPyridin-3-vlmercaptothiocarbonynaminO'2-phenvlbenzovl methionine 
The title compound is prepared as described in Example 1 with the exception that (5)-5- 
5245 aminomethy 1-2-pyrrolidone ( 1 .0 equivalent) is replaced by 3-mercaptopyridine ( 1 .0 

equivalent), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 




5250 Example 70 

4-(Pyridin-3-vlmercaptosulfmvnamino-2'phenylbenzoyl methionine 
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5255 



WO 98/50030 PCT/US98/09297 

The title compound is prepared as described in Example 3 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone (l.O equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent). 




E^amp>e71 

d-(Pyridin-3-vlmercaptosn1fonvnamino-2-phenv lbenzovl methionine 
5260 The title compound is prepared as described in Example 4 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent). 



5265 



H 




F.xample72 

4-ff.y^-2-F^m-nlidone-5-methoxvcarbnnyl'laminom ethvl-2-phenylhenzovl methionine 
The title compound is prepared as described in Example 18 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
5270 pyrrolidone ( 1 .0 equivalent) and CuCl (0. 1 equivalent). 




o =^ 
MeS 

Example 73 

5275 A.rr.S:^-2-Pvrrolidnne.'^-meth nxvthiocarbonvnaminomethvl-2-PhenvlbenZ0Vl methionine 
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The title compound is prepared as described in Example 18 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
pyrrolidone (l.O equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 equivalent) is 
replaced by thiophosgene (1.0 equivalent). 

5280 




MeS 

Example 74 

4-(f^-2-Pvrrolidone-5-methQxvsulfinvnaminomethyl-2-pheny lbenzovl methionine 
5285 The title compound is prepared as described in Example 3 using the resultant amine from 
Example 18B with the exception that (5)-5"aminomethyl-2-pyrrolidone (1.0 equivalent) is 
replaced by (5)-5-hydroxymethyl-2-pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent). 




5290 MeS 

Example 75 

4-( ( S^-2-Pyrrolidonc-5-methoxvsulfonvl)aminomethyl-2'phenvlbenzoyl methionine 
The title compound is prepared as described in Example 4 using the resultant amine from 
Example 18B with the exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is 
5295 replaced by (5)-5-hydroxymethyl-2-pyrrolidone ( 1 .0 equivalent) and CuCl (0. 1 equivalent). 

H 




Example 76 
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5300 4-fPvridin-3-vlmeit:aptocai -HnnYnarninomethvl-2.phpnyiKpr^7r.vl methionine 

The title compound is prepared as described in Example 18 with the exception that (5^-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent). 



5305 



s 




Example 77 

4-(Pyridin-3-vlmercaptocarbonynaniinomethvl-2-phenvlben20 vl methionine 
The title compound, is prepared as described in Example 18 with the exception that (5)-5- 
5310 aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by 3-mercaptopyridine ( 1 .0 

equivalent), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1,0 equivalent). 




5315 Example 78 

4-rPyridin-3-vlmercaptosulfinynaniinomethyl-2-phenylben2ovl m ethionine 

The title compound is prepared as described in Example 3 using the resultant amine from 
Example 1 8B with the exception that (5)-5-aminomethy 1-2-pyrrolidone ( 1 .0 equivalent) is 
replaced by 3-mercaptopyridine (1.0 equivalent). 

5320 




Example 79 
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4-(Pvridin-3-vlmercaptQsul fnnYnarninomethvl-2 -phenY lh^n zovl methionine 
5325 The title compound is prepared as described in Example 4 using the resultant amine from 
Example 18B with the exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is 
replaced by 3-mercaptopyridine (1.0 equivalent). 



5330 Example 80 

A-NH-CO-NH-B 

The procedure of Example 1 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 

5335 derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 

5340 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 81 
A-NH-CS-NH-B 

5345 The procedure of Example 1 is used with the exception that triphosgene (0.33 equivalent) is 
replaced by thiophosgene (1.0 equivalent). 4-amino-2-phenylben2oyl mediionine methyl 
ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5-aminomethyl-2-pyrrolidone 
is replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 
from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 

5350 the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5355 

Example 82 
A-NH-SO-NH-B 

The procedure of Example 3 is used with the exception that 4-amino-2-phenylbenzoyl 
5360 methionine methyl ester is replaced by an aniline from Table i (B-NH2) and (S)-5- 
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aniinomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived firom amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5365 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl hexyl, octyl, cyclohexyl or phenethyl esters. 



5370 Example 83 

A-NH-SO2-NH-B 
The procedure of Example 4 is used with the exception that 4-amino-2- 
phenylbenzoyl methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 
(5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 ( A-NH2). For 
5375 products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 

hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5380 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl. cyclohexyl or phenethyl esters. 



Example 84 

5385 A-NH-SO2-B 

The procedure of Example 5 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 

5390 the ester on the fragment of the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table I are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl. hexyl, octyl, cyclohexyl or phenethyl esters. 

5395 

Example 85 
A-NH-CO-O-B 
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The anilines from Table 1 (B-NH2) are reacted according to the procedure of Example 6E. 
The resultant phenols are reacted according to the procedure of Example 8 with the 
5400 exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 ( A- 
NH2). For products derived from amines 146-206 from Table 3, the final LiOH hydrolysis 
step also hydrolyzes the ester on the fragment of the final compound that is derived from 
amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5405 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 8^ 

5410 A-NH-CS-O-B 

The anilines from Table 1 (B-NH2) are reacted according to the procedure of 
Example 6E. The resultant phenols are reacted according to the procedure of Example 8 
with the exception that phosgene in toluene is replaced by thiophosgene and (5)-5- 
aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 

5415 derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 

5420 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Exan^ple g? 
A-NH-SO-O-B 

5425 The anilines from Table 1 (B-NH2) are reacted according to the procedure of Example 6E. 
The resultant phenols are reacted according to the procedure of Example 8 with the 
exception that phosgene in toluene is replaced by thionyl chloride and (5)-5-aminomethyl-2- 
pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 

5430 the fragment of the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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5435 

Example 88 
A-NH-S02-0-B 

The anilines from Table 1 (B-NH2) are reacted according to the procedure of 
5440 Example 6E. The resultant phenols are reacted according to the procedure of Example 8 
with the exception that phosgene in toluene is replaced by sulfuryl chloride and (5)-5- 
aminomethyl-2-pyrrolidpne is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from aniines 146-206. 
5445 This example also encompasses compounds comprising a C-terminal ester moiety, 

in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyi esters. 

5450 

Example 89 
A-NH-CH2-B 

The procedure of Example 16 is used with the exception that (2-phenyl-4-bromobenzoyl)- 
methionine methyl ester is replaced by a bromide from Table 2 (B-Br) and 2-aminopyridine 
5455 is replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 
from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 
the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5460 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyi esters. 



I Exan^ple 90 

5465 A-NH-CO-NH-CH2 -B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of 
Example 16F-G. The resultant alcohols are reacted according to the procedure of Example 
18 with the exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from 
Table 3 (A-NH2). For products derived from amines 146-206 from Table 3, the final LiOH 
5470 hydrolysis step also hydrolyzes the ester on the fragment of the final compound that is 
derived from amines 146-206. 
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This example also encompasses compounds comprising a C-tenninal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
5475 butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 91 
A-NH-CS-NH-CH2-B 

5480 The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 18 with the 
exception that triphosgene (0.33 equivalent) is replaced by thiophosgene ( 1 .0 equivalent) 
and (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For 
products derived from anfiines 146-206 from Table 3, the final LiOH hydrolysis step also 

5485 hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
5490 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

g^ample 9? 
A-NH-SQ-NH-CtiiziE 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
5495 G. The resultant alcohols are reacted according to the procedure of Example 1 8 with the 

exception diat triphosgene (0.33 equivalent) is replaced by thionyl chloride (1.0 equivalent) 
and (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For 
products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
5500 206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5505 

Example 93 
A-NH-SO2-NH-CH2-B 
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The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
5510 G. The resultant alcohols are reacted according to the procedure of Example 18 with the 

exception that triphosgene (0.33 equivalent) is replaced by sulfuryl chloride (LO equivalent) 
and (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For 
products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
5515 206. 

This example also encompasses compounds comprising a C-teraiinal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5520 

Example 94 
A-NH-CO-O-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
5525 G. The resultant alcohols are reacted according to the procedure of Example 8 with the 

exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A- 
NH2). For products derived from amines 146-206 from Table 3, the final LiOH hydrolysis 
step also hydrolyzes the ester on the fragment of the final compound that is derived from 
amines 146-206. 

5530 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyi. octyl, cyclohexyl or phenethyl esters. 

5535 Example 95 

A-NH-CS-0-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 8 with the 
exception that phosgene in toluene is replaced by thiophosgene and (S)-5-aminomethyl-2- 
5540 pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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5545 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl. butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 96 
A-NH-CO-S-B 

5550 The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 
the procedure of Example 12E. These mercaptans are reacted according to the procedure of 
Example 29 with the exception that 2-aminothiazol is replaced by an amine from Table 3 ( A- 
NH2). For products derived from amines 146-206 from Table 3, the final LiOH hydrolysis 
step also hydrolyzes the ester on the fragment of the final compound that is derived from 

5555 amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5560 

Example 97 
A-NH-CS-S-B 

The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 
5565 the procedure of Example 12E. These mercaptans are reacted according to the procedure of 
Example 29 with the exception that phosgene in toluene is replaced by thiophosgene and 2- 
aminothiazol is replaced by an amine from Table 3 (A-NH2). For products derived from 
aniines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 
5570 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5575 

Example 98 
A-NH-SO-S-B 

The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 
the procedure of Example 12E. These mercaptans are reacted according to the procedure of 
5580 Example 29 with the exception that phosgene in toluene is replaced by thionyl chloride and 
2-aminothiazol is replaced by an amine from Table 3 ( A-NH2). For products derived from 
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amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5585 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



5590 Example 99 

A-NH-S02-S-B 

The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 
the procedure of Example 12E. These mercaptans are reacted according to the procedure of 
Example 29 with the exception that phosgene in toluene is replaced by sulfiiryl chloride and 

5595 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 

5600 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example IQO 

5605 A-NH-C0-g-CH2iB 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 27 A and 37 A. These mercaptans are reacted according to the 
procedure of Example 29 with die exception that 2-aminothiazol is replaced by an amine 

5610 from Table 3 (A-NH2). For products derived from amines 146-206 from Table 3, the final 
LiOH hydrolysis step also hydrolyzes the ester on the fragment of the final compound that is 
derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5615 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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Example m 

5620 A-NH-CS-S-CH7-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example i6F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 27 A and 37 A. These mercaptans are reacted according to the 
procedure of Example 29 with the exception that phosgene in toluene is replaced by 

5625 thiophosgene and 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For 

products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5630 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl. isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 102 

5635 A-NH-SO-S-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 27A and 37A. These mercaptans are reacted according to the 
procedure of Example 29 with the exception that phosgene in toluene is replaced by thionyl 

5640 chloride and 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 

5645 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl. hexyl, octyl, cyclohexyl or phenethyl esters. 



g?t^ple ^03 

5650 A.NH-SO;-S-CH2-R 

The bromides fix>m Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 27 A and 37 A. These mercaptans aie reacted according to the 
procedure of Example 29 with the exception that phosgene in toluene is replaced by sulfiiry 1 

5655 chloride and 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For products 
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derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 

example also encompasses compounds comprising a C-terminal ester moiety, in 
which case the final LiOH step is eliminated and the amino acid methyl esters used to 
5660 prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 104 

5665 A-CQ-NH-B 

The procedure of Example 56 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline fi-om Table 1 (B-NH2) and pyroglutamic 
acid is replaced by an acid from Table 4 ( A-CO2H). For products derived from acids 164- 
238 and 262-269 from Table 4, the LiOH hydrolysis step is followed by removal of the tert- 

5670 butyloxycarbonyl (Hoc) amine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1:1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5675 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



5680 Example 105 

A-CO-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding amines according to the 
procedures of Examples 18A-B. These amines are reacted according to the procedure of 

5685 Example 58 with the exception that pyroglutamic acid is replaced by an acid from Table 4 

(A-CO2H). For products derived from acids 164-238 and 262-269 from Table 4, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

5690 complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 
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This example also encompasses compounds comprising a C- terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl. butyl, sec- 
5695 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 106 
A-CO-C^-B 

5700 The bromides from Table 2 (B-Br) are reacted according to the procedure of Example 47A. 
The resultant acetylenes are reacted according to the procedure of Example 53 with the 
exception that l-methyl-4-imida2oleacetic acid is replaced by an acid fi'om Table 4 (A- 
CO2H). For products derived from acids 164-238 and 262-269 from Table 4, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 

5705 group by stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 
geL 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5710 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



5715 Example 107 

A-CO-CH=CH-B 

The products from Example 106 are reacted according to the procedure of Example 54. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5720 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 108 

5725 A-CO-CH2-CH2-B 

The products firom Exan^le 107 are reacted according to the procedure of Example 55. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
5730 butyU isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 109 
A-NH-CO-B 

5735 The procedure of Example 60 is used with the exception that 4-bromo-2-phenylbenzoyl 

methionine methyl ester is replaced by a bromide from Table 2 (B-Br) and 2-aminopyridine 
is replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 
from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 
the final compound that is derived from amines 146-206. 

5740 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyU octyl, cyclohexyl or phenethyl esters. 

5745 

Example 1 10 
A-NH-CO-CHo-B 

The bromides from Table 2 (B-Br) are reacted according to the procedure of Example 60A. 
The resultant carbocyclic acids are reacted according to the procedure of Example 62 with 
5750 the exception that 2-aminopyridine is replaced by an amine from Table 3 (A-NH2). For 
products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5755 case the final LiOH step is eliminated and the amino acid mediyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5760 Example 1 1 1 

A-CH . -NH-B 

The procedure of Example 25 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an amine from Table 1 (B-NH2) and 3- 
pyridinecarboxaldehyde is replaced by an aldehyde from Table 5 (A-CHO). For products 
5765 derived from aldehydes 360-432 and 433-440 from Table 5, the LiOH hydrolysis step is 
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followed by removal of the ten-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : i mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
5770 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl. octyl, cyclohexyl or phenethyl esters. 



The bromides from Table 2 (B-Br) are reacted according to the procedures of 
Example 16F-G. The resultant alcohols are converted to the corresponding amines 

5780 according to the procedures of Examples 18A-B. These amines are reacted according to the 
procedure of Example 25 with the exception that 3-pyridinecarboxaldehyde is replaced by an 
aldehyde from. Table 5 (A-CHO). For products derived from aldehydes 360-432 and 433- 
440 from Table 5, the LiOH hydrolysis step is followed by removal of the tert- 
butyloxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 

5785 LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 

5790 prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



5775 



g^arnplQU2 



AiCH^-NH-CH2-B 




5795 



Example 113 

4-ffy>-2-Pvrrolidone-5-aminQmethvnsulfonvlmethv n-2-phenvlbenzovl methionine 
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FYflmple 113A 
4-ThioacetQxvmethvl-? -phenvlbenzQic acid methvl ester 

5800 To triphenylphosphine ( 1 .2 equivalents) in THF at -78 °C is added diethylazodicarboxylate 
(1.2 equivalents) in THF. After 10 min thiolacetic acid (1.3 equivalents) in THF is added 
followed by the resultant compound from Example 16B (1 . equivalent) in THF. The 
reaction is stirred at -78 °C for 1 h and then at ambient temperature until it is judged to be 
complete, by TLC analysis. The mixture is evaporated and the residue is taken up in 

5805 methanol and is treated with K2CO3 (2 equivalents). When the reaction is judged to be 

complete by TLC analysis, the solvent is evaporated and the residue is chromatographed on 
silica gel to afford the title product. 

Example 113B 

5810 4-Chlorosulfonylmethylene-2-phenylbenzoic acid methvl ester 

The resultant compound from Example 1 13A in water is stirred vigorously while gaseous 
chlorine is bubbled through the mixture. When the reaction is judged to be done by TLC 
analysis, the reaction is extracted with dichloromethane which is dried and evaporated to 
afford the title product. 

5815 

Example 1 13C 

4-f fy>-2-Pvrrolidone-5-aminQmethvnsulfonvlmethvlene-2-phe nvlbenzoic acid methvl ester 
To a solution of the resultant compound from Example 113B ( 1.0 equivalent) in methylene 
chloride is added (S)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and triethylanaine (1.0 
5820 equivalent). When the reaction is judged complete by TLC analysis, the solvent is 
evaporated and the residue is purified by chromatography on silica gel. 



Example 11 3D 

4-r(.yt-2-Pvrrolidone-5-aminQmethvnsulfonvlmethvlene-2 -phenvlbenzoic acid 
5825 The resultant compound from Example 1 13C is hydrolyzed according to the 

procedure of Example IB to give the title product. 

P?^aropie 1 13E 

4-ff5:^-2-Pvn-olidone-5-aminomethvnsulfon vlmethvlene-2-phenvlbenzovl methionine 
5830 methyl es^er 

To a solution of the resultant compound from Example 1 13D (1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-l,2,3-benzotria2in-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (1,0 equivalent) and l-(3- 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
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5835 complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with IN 
HCl and saturated brine, and then is dried and evaporated. The crude reaction mixture is 
purified by column chromatography to afford the title product. 

Fxam ple 113F 

5840 A-rry^-?-Pvrrolidone-5-aminonipthvnsulfon v lmethvlene-2-nhf,nv]henzoYl methionine 
The resultant compound from Example 113E is hydrolyzed according to the 
procedure of Example IB to give the title product. 



5g4S F^ampl? 1 H 

A-NH-SO2-CH7 -B 

The procedure of Example 11 3 is used with the exception that (5)-5-aminomethyl-2- 
pyrrolidone is replaced by an amine from Table 3 (A-NH2)- For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
5850 the fragment of the final compound that is derived from amines 146-206. 




Example 115 

5855 4.rf.<r^-2-PviTolidnne-5-amin nmftthvnsulfonvlmethvn-2-r)henvlhenzovl leucine 

Fxample USA 
4-rHvdrQXvmet hvn-2.phenvlhen70vlleucine methvl ester 
(2-phenyl-4-bromobenzoyl)-leucine methyl ester is reacted according to the procedures of 
5860 Example 16F-G. 

Example 115B 

4-Thioacetoxvmethvl-2-phenvlben7 -ovl leucine methvl ester 
To triphenylphosphine (1.2 equivalents) in THE at -78 °C is added diethylazodicaiboxylate 
5865 ( 1 .2 equivalents) in THE. After 10 min thiolacetic acid ( 1 .3 equivalents) in THF is added 
followed by the resultant compound from Example 1 15A (1. equivalent) in THF. The 
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reaction is stirred at -78 °C for 1 h and then at ambient temperature until it is judged to be 
complete by TLC analysis. The mixture is evaporated and the residue is taken up in 
methanol and is treated with K2CO3 (2 equivalents). When the reaction is judged to be 
5870 complete by TLC analysis, tiie solvent is evaporated and the residue is chromatographed on 
silica gel to afford the tide product. 

Example 115C 

4-Chlorosulfonvlmethylene-2-phenvlbenzoyl leucine methyl ester 
5875 The resultant compound from Example 1 15B in water is stirred vigorously while gaseous 
chlorine is bubbled through the mixture. When the reaction is judged to be done by TLC 
analysis, the reaction is extracted with dichloromethane which is dried and evaporated to 
afford the title product. 

5880 Example 11 5D 

4'(( 5^-2-Pyrrolidone-5'aminomethynsulfonvlmethylene-2'phenylbenzovl leucine methvl 

ester 

To a solution of the resultant compound from Example 1 15C (1.0 equivalent) in methylene 
chloride is added (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and triethylamine (1.0 
5885 equivalent). When the reaction is judged complete by TLC analysis, the solvent is 
evaporated and the residue is purified by chromatography on silica gel. 

p^can^pl^ U5g 

4-((y)-2-PyrroUdone-5-aminomethyl)sulfQnylmethytene-2-phenylbenzoyl leucine 
5890 The resultant compound from Example 1 15D is hydrolyzed according to the procedure of 
Example IB to give the tide product. 



5895 A-NH-gQ2 - CH2 -B 

The procedure of Example 1 15 is used with the exception that (2-phenyl-4-bromobenzoyl)- 
leucine methyl ester is replaced by a bromide from Table 2, entries 28-132 (B-Br) and (5)- 
5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 

5900 the ester on the fragment of the final compound that is derived fi-om amines 146-206, 
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5905 



Example 117 
4-f2-ThiazolylV2-phenvlben2ovl methionine 



Example 1 17A 
2-Thiazole boronic acid 



A solution of thiazole (1.0 equivalent) is lithiated with a slight excess of n-butyl lithium in 
5910 THF (1.05 equivalents) and then u-eated with trimethyl borate (1.05 equivalents). The 

reaction mixture is quenched by the addition of aqueous HCl and the resulting boronate ester 
is cleaved by the addition of excess aqueous NaOH. After acidification and extraction into 
ethyl acetate the crude boronic acid is used without further purification. 



A mixture of 4-bromo-2-phenylbenzoic acid methyl ester (1.0 equivalent), 2-thiazole 
boronic acid (1.0 equivalent) and catalytic Pd(PPh3)4 is heated in a two phase system of 
toluene and aqueous Na2C03. After cooling, the resulting biaryl compound is isolated by 
5920 evaporation of the organic phase and is purified by chromatography on silica gel. 

Example 117C 
4-(2-ThiazolylV2-phenvlbenzovl methionine 
The resultant compound from Example 1 17C is hydrolyzed according to the procedure of 
5925 Example IB to give the title product. 



5915 



g^ample \ W 
4-f2-Thiazolvn-2-phenvlbenzovl methionine methvl ester 




5930 



gxan)plgn8 

4-r2-ThiazolvlcarbonvlV2-Dhenvlben2ovl methionine 
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Exam ple 118A 

4-(2-Thiazolvlcarbonvn-2-phenvlbenzovl methionine methvl ester 
A mixture of 4-bromo-2*phenylbenzoic acid methyl ester (l.O equivalent), 2-thiazole 
5935 boronic acid from Example 1 1 7 A ( 1 .0 equivalent) and catalytic Pd(PPh3)4 is heated in a two 
phase system of toluene and aqueous Na2C03 previously purged with a large excess of 
carbon monoxide. The resulting diaryl ketone is isolated by evaporation of the organic 
phase and is purified by chromatography on silica gel. 

5940 Example 118B 

4-r2-ThiazolvlcarbonvlV2-phenvlbenzQvl methionine 
The resultant compound from Example 118A is hydrolyzed according to the procedure of 
Example IB to give the title product. 



5945 



H H 9 

O ° ° 




OMe 



MeS 



4-rf3-Aminopvridvncarbonvlaminosulfonvn-2-phenvlbenzovlmethiotiine 



5950 Example 119A 

4-Aniinosulfonvl-2-phenylbcnzoylinethionine methyl ester 
To a solution of 4-chlorosulfonyl-2-phenylbenzoyl methionine methyl ester from Example 
SE in dichloromethane is added aqueous ammonia and the mixture is stirred until the 
reaction is judged complete by TLC analysis. The organic phase is separated, dried and 

5955 evaporated and the product is purified by chromatography on silica gel. 



E?(ainplg U9B 

4-Isocvanatosulfonvl.2-phenvlbenzovlmethiQnine methvl ester 
A mixture of the resultant sulfonamide from Example 1 19A in chlorobenzene is treated with 
5960 with oxalyl chloride according to the procedure of Franz et al. (7. Org. Chem, 1964, 22. 
2592) to give the title compound. 
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Exa mple U 9C 

4-ffA-aininoDvridvncar bonvlaminosulfonvl1'2-phcnvlben7ovlmethionine methvl ester 
5965 A mixture of the resultant isocyanate from Example 1 19B (1 equivalent) in dichloromethane 
is treated with 3-aminopyridine ( 1 equivalent) and stirred until the reaction is judged 
complete by tic analysis. The solvent is evaporated and the product is purified by 
chromatography on silica gel. 



5970 Example 1 19D 

4-r(A'ami noDvridvncarbonvlaminosulfonyll-2-phcnvlben20vlmethiQnine 
The resultant compound from Example 1 19C is hydrolyzed according to the procedure of 
Example IB to give the title product. 

5975 

Example 120 
A-NH-CO-NH-SOo-B 
The anilines from Table 1 (B-NH2) are reacted according to the procedures of Example 5E 
to afford the corresponding sulfonyl chlorides. These are reacted according to the procedure 
5980 of Example 1 19 with the exception that 3-aminopyridine is replaced by an amine from Table 
3 (A-NH2). For products derived from amines 146-206 from Table 3, the final LiOH 
hydrolysis step also hydrolyzes the ester on the fragment of the final compound that is 
derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
5985 in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl. hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 121 

5990 A-NH-CO-NH-SO2-CH2 -B 

The bromides from Table 2, entries 28-132 (B-Br) are reacted according to the procedures 
of Example 1 15A-C to afford the corresponding sulfonyl chlorides. These are reacted 
according to the procedure of Example 1 19 with the exception that 3-aminopyridine is 
replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 

5995 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 
the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
6000 butyl isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 122 
A-0-CH2 -B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example I6F- 
6005 G. The resultant alcohols are reacted according to the procedure of Example 27 with the 
exception that 3-hydroxypyridine is replaced by an alcohol from Table 6 (A-OH). For 
products derived from alcohols 280-359 and 408-431 from Table 6, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
6010 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6015 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 123 
A-O-CO-NH-B 

6020 The procedure of Example 1 is used with the exception that 4-aniino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by an alcohol from Table 6 (A-OH, 
l.O equivalent) and CuCl (0.1 equivalent). For products derived from alcohols 280-359 
and 408-431 from Table 6, the LiOH hydrolysis step is followed by removal of the tert- 

6025 butyloxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1:1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
6030 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 124 

6035 A-O-CS-NH-B 
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The procedure of Example 1 is used with the exception that 4-anuno-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2), (50-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by an alcohol from Table 6 (A-OH. 
1.0 equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 equivalent) is replaced by 

6040 thiophosgene ( 1 .0 equivalent). For products derived from alcohols 280-359 and 408-43 1 
from Table 6, the LiOH hydrolysis step is followed by removal of the tert-butyloxycarbonyl 
(Boc) amine protecting group by stirring the resultant compound from the LiOH hydrolysis 
step in a 1:1 mixture of dichloromethane and trifluoroacetic acid until TLC analysis indicates 
that the reaction is complete. The solvent is evaporated and the residue is purified by 

6045 chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyU isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6050 

Exapiple 125 
A-O-SO-NH-B 

The procedure of Example 3 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (S)-5- 

6055 aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by an alcohol from Table 6 (A-OH, 
1.0 equivalent) and CuCl (0.1 equivalent). For products derived from alcohols 280-359 
and 408-43 1 from Table 6, the LiOH hydrolysis step is followed by removal of the tert- 
butyloxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane and trifluoroacetic acid until TLC 

6060 analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the anfiino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
6065 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 126 
A-0-S02-NH-B 

6070 The procedure of Example 4 is used widi the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by an alcohol from Table 6 (A-OH, 
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1.0 equivalent) and CuCl (0.1 equivalent). For products derived from alcohols 280-359 
and 408-431 from Table 6, the LiOH hydrolysis step is followed by removal of the ten- 

6075 butyloxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1:1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 

6080 in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6085 Example 127 

A-O-CO-NH-CH2 -B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 18 with the 
exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by an alcohol 

6090 from Table 6 (A-OH, 1.0 equivalent) and GuCl (0.1 equivalent). For products derived from 
alcohols 280-359 and 408-431 from Table 6, the LiOH hydrolysis step is followed by 
removal of the tert-butyioxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1:1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 

6095 evaporated and the residue is purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyi, hexyl, octyl, cyclohexyl or phenethyl esters. 

6100 

Example 12g 
A-0-CS-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6105 G. The resultant alcohols are reacted according to the procedure of Example 1 8 with the 
exception that (5)-5-aminomethyl-2-pyrrolidone ( 1.0 equivalent) is replaced by an alcohol 
from Table 6 (A-OH, LO equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 
equivalent) is replaced by thiophosgene (1.0 equivalent). For products derived from 
alcohols 280-359 and 408-431 from Table 6, the LiOH hydrolysis step is followed by 
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6110 removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1; 1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 
evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6115 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6120 Example 129 

A-0-S0-NH-CH2 -B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G and 18A-B, The resultant amines are reacted according to the procedure of Example 3 
with the exception that {5)-5-aminomethyl-2-pyrrolidone (LO equivalent) is replaced by an 

6125 alcohol from Table 6 (A-OH, 1.0 equivalent) and CuCl (0.1 equivalent). For products 
derived from alcohols 280-359 and 408-431 from Table 6, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 

6130 solvent is evaporated and the residue is purified by chromatography on silica gel 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6135 

Example 130 
A-O-SO2-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6140 G and 18A-B. The resultant amines are reacted according to the procedure of Example 4 
with the exception that (S)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by an 
alcohol from Table 6 (A-OH, 1.0 equivalent) and CuCl (0.1 equivalent). For products 
derived from alcohols 280-359 and 408-431 from Table 6. die LiOH hydrolysis step is 
followed by removal of the tert-butyloxycari>onyl (Boc) amine protecting group by stirring 
6145 the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of dichloromethane 
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and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6150 bromides in Table 2 are replaced by the corresponding ethyl, propyl isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 131 

6155 A-S-B 

The anilines from Table 1 (B-NH2) are reacted according to the procedures of Example 
13 A. The resultant fluorides are reacted according to the procedure of Example 13 with the 
exception that 2-mercaptopyridine is replaced by a mercaptan from Table 7 ( A-SH). For 
products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis step is 

6160 followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of dichlbromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6165 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6170 Example 132 

A-S-CO-NH-B 

The procedure of Example 1 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by a mercaptan from Table 7 (A- 

6175 SH), For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound firom the LiOH hydrolysis step in a 1: 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 

6180 gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6185 

Example 133 
A-S-CS-NH-B 

The procedure of Example 1 is used with the exception that 4-aniino-2-phenylbenzoyl 
6190 methionine methyl ester is replaced by an aniline from Table 1 (B-NH2), (5)-5- 

aminomethyl-2-pyrroUdone ( 1 .0 equivalent) is replaced by a mercaptan from Table 7 ( A- 
SH), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1,0 equivalent). For 
products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
6195 the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiet\\ in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6200 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 134 

6205 A-S-SO-NH-B 

The procedure of Example 3 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by a mercaptan from Table 7 CA- 
SH). For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 

6210 step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

6215 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the fmal LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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6220 Example 135 

A-S-S02-NH-B 

The procedure of Example 4 is used with the exception that 4-amino-2-phenylben2oyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone (LO equivalent) is replaced by a mercaptan from Table 7 (A- 

6225 SH). For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) annine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 

6230 gel 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl. isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6235 

Example 136 
A-S-CO-NH-CH2-B 

The bromides frOm Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6240 G. The resultant alcohols are reacted according to the procedure of Example 18 with the 
exception that (5)-5-aminomethyl-2-pyiTolidone is replaced by a mercaptan from Table 7 
(A-SH). For products derived from mercaptans 301-394 from Table 1, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
6245 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6250 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 137 
A-S-CS-NH-CH2-B 

6255 The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 18 with the 
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exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by a mercaptan from Table 7 
(A-SH) and triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 
For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis step is 

6260 followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6265 case the final LiOH step is eliminated and the amino ^cid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6270 ExamEiel38 

A-S-SO-NH-CH2 :B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G and 18A-B. The resultant amines are reacted according to the procedure of Example 3 
with the exception that (5)-5-aminomethyl'-2-pynx)Iidone is replaced by a mercaptan from 

6275 Table 7 (A-SH). For products derived from mercaptans 301-394 from Table 7. the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 

6280 gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6285 



g^amp)g 139 
A-3-SQ2-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6290 G and 18A-B. The resultant amines are reacted according to the procedure of Example 4 
with the exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by a mercaptan from 
Table 7 (A-SH). For products derived from mercaptans 301-394 from Table 7, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
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group by stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 
6295 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6300 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl» cyclohexyl or phenethyl esters. 



Example 140 

6305 A-O-B 

The procedure of Example 6 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 3- 
bromopyridine is replaced by a halide from Table 8 (A-Cl, A-Br, or A-I). For products 
derived from halides 202-239 from Table 8, the LiOH hydrolysis step is followed by 

6310 removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1:1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 
evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6315 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6320 Example 141 

The procedure of Example 12 is used with the exception that 4-aniino-2-phenylben2oyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 2- 
chloromethylpyridine hydrochloride is replaced by a halide fi:om Table 8 (A-Cl, A-Br, or A- 
6325 I). For products derived from halides 202-239 from Table 8, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel 
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6330 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyi, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6335 

Example 142 
A-NH-B 

The procedure of Example 24 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 2- 

6340 bromopyridine hydrobromide is replaced by a haiide from Table 8 (A-Cl, A-Br, or A-I). 
For products derived from halides 202-239 from Table 8, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 

6345 solvent is evaporated and the residue is purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6350 

Example 143 
A-O-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6355 G. The resultant alcohols are reacted according to the procedure of Example 28 with the 
exception that 3-chloromethylpyridine hydrochloride is replaced by a haiide from Table 8 
(A-Cl, A-Br, or A-I). For products derived from halides 202-239 from Table 8, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
6360 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6365 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl. octyl, cyclohexyl or phenethyl esters. 
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Example \U 

6370 AiS^HliB 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 37 with the 
exception that 2-bromothiazole is replaced by a halide from Table 8 (A-Cl, A-Br, or A-I). 
For products derived from halides 202-239 from Table 8, the LiOH hydrolysis step is 

6375 followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6380 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6385 Example \45 

The procedure of Example 47 is used with the exception that (2-phenyl-4-bromobenzoyl)- 
methionine methyl ester is replaced by a bromide from Table 2 (B-Br) and 4- 
bromoimidazole is replaced by a halide from Table 8 (A-Cl, A-Br, or A-I). For products 

6390 derived from halides 202-239 from Table 8, the LiOH hydrolysis step is followed by 

removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1: 1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 
evaporated and the residue is purified by chromatography on silica gel. 

6395 This example also encompasses compounds comprising a C-tcrminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6400 Example 146 

A-CH=CH-B 

The products from Example 145 are reacted according to the procedure of Example 48. 
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This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6405 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl. butyl, sec- 
butyl, isobutyl, isoarayl, hexyl, octyl. cyclohexyl or phenethyl esters. 



6410 



Example 147 



The products from Example 146 are reacted according to the procedure of Example 49. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
6415 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example \4S 
A-CO-C^-B 

6420 The bromides from Table 2 (B-Br) are reacted according to the procedure of Example 47A. 
The resultant acetylenes are reacted according to the procedure of Example 50 with the 
exception that 4-bromoimidazole is replaced by a halide fi-om Table 8 (A-Cl, A-Br, or A-I). 
For products derived from halides 202-230 from Table 8. the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 

6425 the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 

6430 prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl. cyclohexyl or phenethyl esters. 

Example H9 
A-CO-CH^H-P 

6435 The products from Example 148 are reacted according to the procedure of Example 

48. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
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prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl. 
6440 butyl, sec -butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 150 
A-CO-CH2-CH2-B 

The products from Example 149 are reacted according to the procedure of Example 

6445 49. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6450 

Example ^^1 
A-SO2-B 

The anilines from Table 1, entries 28-132 (B-NH2) are reacted according to the 
procedures of Example 13 A. The resultant fluorides are reacted according to the procedure 

6455 of Example 13 with the exception that 2-mercaptopyridine is replaced by a mercaptan from 
Table 7 (A-SH). The resultant sulfides are oxidized according to the procedure of Example 
14A. For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 

6460 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
6465 prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 152 
A-CHo S02-B 

6470 The procedure of Example 12 is used with the exception tiiat 4-amino-2- 

phenylbenzoyl methionine methyl ester is replaced by an aniline from Table 1, entries 28- 
132 (B-NH2) and 2-chloromethylpyridine hydrochloride is replaced by a halide from Table 
8 (A-Cl, A-Br, or A-I). The resultant sulfides are oxidized according to the procedure of 
Example 14A. For products derived from halides 202-239 from Table 8, the LiOH 

6475 hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
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group by stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

6480 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6485 

g^^amplp 153 
A-S02-CH2-B 

The bromides from Table 2, entries 28-132 (B-Br) are reacted according to the procedures 
of Example 16F-G. The resultant alcohols are reacted according to the procedure of 

6490 Example 37 with the exception that 2-bromothiazole is replaced by a halide from Table 8 ( A- 
Cl, A-Br, or A-I). The resultant sulfides are oxidized according to the procedure of 
Example 14A. For products derived from halides 202-239 from Table 8, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of 

6495 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6500 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 154 

6S0S {4-ff3-sulfonvlmethvlPvridvnamino1-2-phe nvlbenzovnmethinnine 

Example 154A 

{4-r(3-SUlfonvlmethvlDvridvnamino1-2-phenvlben7ovnm ethionine methvl ester 
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A mixture of 3-chlorosulfonylmethylpyridine hydrochloride (1.0 equivalent) and (4-amino- 
65 ID 2-phenylbenzoyl)methiomne methyi ester ( 1 .0 equivalent) in dichlpromethane is treated with 
triethylamine (2.2 equivalents). When judged complete by TLC analysis, the reaction is 
diluted with ethyl acetate, and then is washed with pH 4 water, saturated NaHCOs, and 
brine. The mixture is dried and concentrated to give the crude tide compound which is 
purified by chromatography on silica gel. 

6515 

Example 154B 

\ 4-f f 3-sulfonvlmethylpyridyl')aminol-2-phenvlbenzoy 1 ) methionine 
The resultant compound from Example 154 A is hydrolyzed according to the procedure of 
Example IB to give the title product. 

6520 

g?eample IgS 
A-CH . SQ2-NH-B 

The procedure of Example 154 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 3- 
6525 chlorosulfonylmethylpyridine hydrochloride is replaced by a sulfonyl chloride from Table 9 
(A-SO2CI). 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
6530 butyl, isobutyl, isoamyl. hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 156 
A-SQ2 -NH- C H2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6535 G. The resultant alcohols are converted to the corresponding amines according to the 

procedures of Examples 18A-B. These amines are reacted according to the procedure of 
Example 154 with the exception that -chlorosulfonyhnethylpyridine hydrochloride is 
replaced by a sulfonyl chloride from Table 9 (A-SO2CI), 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
6540 case the final LiOH step is eUminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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S 



6545 



6550 



6555 



6560 



6565 



Example 173 

[4-(f 2S,5S)- 1 ,4-dia2abicvclo(2.2. 1 )nctan- 1 -vn-2-phenvlbenzovl1methionine hydrochloride 

To a solution of 74mg (0.13 mmol) of 2-phenyl-4-[(2S,5S)-4-Boc-l,4- 
diazabicyclo(2,2,l)octan-l-yl]benzoylmethionine methyl ester, prepared as in Example 
172A, in 5 ml of THE was added 0.4 ml (0.4 mmol) of 1 N LiOH in an ice bath. The 
reaction mixture was stirred for 2 hours. The reaction mixture was adjusted to pH 2-3 with 
1 N HCl at the same temperature and the solvent was evaporated. The residue was 
partitioned with dichloromethane and water, and extracted 3 times with dichloromethane. 
The combined organic solution was washed with 1 N HCl and water, dried over anhydrous 
magnesium sulfate, and concentrated in vacuo to give 60 mg of the resulting free acid as a 
oily residue. To a 2 ml of a 1 : 1 solution of TEA and dichloromethane was added 60 mg of 
the acid. After 30 min. The reaction mixture was thoroughtly evaporated in high vacuum to 
give an oily residue. The residue was triturated with 0.3 ml of 3 M anhydrous HCl-ether in 
5 ml of ether and the white solid was collected by filtration to give 43 mg (66 %) of [4- 
((2S,5S)-l,4-diazabicyclo(2,2,l)octan-l-yl)-2-phenylbenzoyl]methionine hydrochloride: 



HPLC 95% (purity); NMR (300 MHz, CD3OD) 6 7.49-7.36 (m. 6H), 6.73 (dd, IH, 
7=2.2, 8.4 Hz), 6.60 (d, IH, 7=2.1 Hz). 4.77 (s, IH), 4.50 (m, 12H), 3.73 (m, 2H), 3.32 
(m, 2H), 2.31-1.85 (m, 6H); l^c NMR (CD3OD) 5 175.0, 173.1, 148.5, 143.7, 142.4, 
131.4, 129.9, 129.6, 128.8, 126.6, 115.5, 112.4, 59.7, 56.8, 53.6, 53.2, 51.8, 37.1, 
31.9, 31.1, 15.8, 




SCHa 
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g?camp|p 224 

[4-(2,4-diQxohexahydrQ-l3.5-triazin-2-vlV2-phenvlb finTnYl1methion 



6570 Example 224 A 

r4-carboxymethylarninQ-2-phenylbenzoynmethionine methvl ester 

A mixture of (4-amino-2-phenylbenzoyl)methionine methyl ester (compound 8, 1.51 
g, 4.21 mmol), glyoxylic acid monohydrate (466 mg, 5.06 mmol), sodium 
cyanoborohydride (l.OM in THF, 4.2 mL), sodium acetate (0.5 g) and acetic acid (0.5 mL) 

6575 in methanol (10 mL) was stirred for 14 hours. The reaction mixture was diluted with ethyl 
acetate (100 nfiL), washed with saturated aqueous potassium dihydrogenphosphate, water 
and brine, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The 
residue was purified by column chromatography (ethyl acetate, then 3% methanol-ethyl 
acetate) to give (4-carboxymethylamino-2-phenylbenzoyl)methionine methyl ester ( 1 .46 g, 

6580 83%). NMR (300 MHz, CDCI3) 5 7.67 (d, IH), 7.39 (m, 5H), 6.54 (dd, IH), 6.45 
9d, IH), 5.96 (br d, IH), 4.63 (m, IH), 3.88 (d, 2H), 3.67 (s, 3H), 2.04 (m. 2H), 2.00 
(s, 3H). 1.86 (m, IH), 1.67 (m,' IH). MS (APCI+) m/e 417 (M+H)+. 

Example 224B 

6585 f4-fN-rgr^butoxycarbonyla^linokarboxanlidomethvlamdno-2-phenvlb enzovl^methioni 

methvl ester 

A mixture of the (4-carboxymethylamino-2-phenylbenzoyl)methionine methyl ester 
prepared in Example 224A (1.04 g, 2.50 nunol), rerf-butylcarbazate (661 mg, 5.0 mmol). 
3-hydroxyl,2.3-benzotriazin-4(3//)-one (489 mg, 3.0 mmol) and l-(3- 

6590 dimethylaminopropyl)-3-ethylcarbodiiniide (576 mg, 3.0 mmol) in dichloromethane ( 10 
mL) was stirred at room temperature for 15 hours. The reaction mixture was diluted with 
ethyl acetate (100 mL), washed with water and brine, dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo. The residue was purified by column 
chromatography (ethyl acetate) to give [4-{N' 

6595 tertbutoxycarbonylamino)carboxamidomethylamino-2-phenylbenzoyl]methionine methyl 
ester (671 mg. 51%). ^H NMR (300 MHz, CDCI3) 5 8.16 (d, IH), 7.69 (d, IH), 7.40 
(m. 5H), 6.64 (dd, IH), 6.53 (d, IH), 6.45 (m, IH), 5.96 (br d, IH), 4.63 (m, IH). 3.97 
(d. 2H). 3.67 (s, 3H), 2.99 (m, 4H), 2.06 (m, 2H), 2.00 (s, 3H), 1.88 (m, IH), 1.68 (m, 
IH), 1.46 (s, 9H). MS (APCI+) m/e 531 (M+H)+. 
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6600 

Example 224C 

f4-fN-tcrtbutoxvcarbonylaininokarboxamidomethvl-fA^-chlorofonnvn 
phenvlbenzovllmethionine methvl ester 

To a -78 °C solution of the [4'(N-tert- 

6605 butoxycarbonylamino)carboxamidomethylamino-2-phenylbenzoyl]methi^ methyl esier 
prepared in Example 224B (258 mg, 0.481 mmol) in dichloromethane (3 mL) was added 
phosgene (1.93 M in toluene, 0.38 mL, 0.74 mmol), followed by triethyiamine (0.20 mL, 
1.5 mmol). The reaction was then left to warm to ambient temperature over 14 hours. The 
reaction inixture was then filtered throiigh silica gel (10 g), rinsed with ethyl acetate, and 

6610 concentrated m vacwo. The residue was purified by column chromatography (40% ethyl 
acetate-hexane) to give [4-(A/^-tertbutoxycarbonylamino)carboxamidomethyl-(A^- 
chloroformyl)amino-2-phenylbenzoyl]methionine methyl ester (171 mg, 60%). *H NMR 
(300 MHz, DMS0-d6) 5 8.24 (d. IH), 7.33 (m. 5H), 7.28 (d, IH). 6.68 (m, 3H), 4.39 
(m, 2H), 4.30 (m, IH), 3.62 (s, 3H). 2.25 (m, 2H), 2.00 (s, 3H), L83 (m, 2H), 1.51 (s, 

6615 9H). 

E?c^ple224P 

f4-f2.4-dioxohexahydro- h3.5-triazin-2-ylV2-phenylbenzoyllmethionine methvl ester 

To a solution of the [4-(/V-tertbutoxycarbonylamino)carboxamidomethyl-(A^- 
6620 chloroformyl)amino-2-phenylbenzoyl]methionine methyl ester prepared in Example 224C 
(70 mg, 0.118 nunol) in dichloromethane (2 mL) was added 2-mercaptoethanol (5 drops) 
and trifuoroacetic acid (1 mL). After 1.5 hour, the solvent was evaporated in vacuo and the 
residue was purified by colunm chromatography (30% ethyl acetate-hexane) to give [4-(2,4- 
dioxohexahydro-l,3,5-triazin-2-yI)-2-phenylbenzoyl]methionine methyl ester (43 mg, 
6625 80%). NMR (300 MHz, CDCI3) 5 8.86 (br s, IH), 8.69 (d, IH), 7.40 (m, 5H), 6.69 
(dd, IH), 6.56 (d, IH), 5.76 (br d, IH), 4.63 (m, IH), 4.32 (s. 2H), 3.65 (s, 3H), 2.99 
(m, 4H), 2.09 (t, 2H), 2.01 (s, 3H), 1.89 (m, IH), 1.68 (m, IH). MS (CI+) m/e 457 
(M+H)+. 

6630 Example 224E 

[4-(2.4-dioxohexahydro-L3.5-triazin-2-vlV2-phenylbenzoyllmethionine 
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The desired compound was prepared by saponification of the product of Example 
224D using the procedure of Example 211. 'H NMR (300 MHz, DMSO-de) 6 7.32 (m. 
5H), 7.23 (d, IH), 6.79 (d. IH). 6.63 (dd, IH), 6.56 (d, IH), 6.38 (m. IH), 4.00 (m. 
6635 IH), 3.50 (s, 2 H), 2.07 (m. 2H), 1.97 (s. 3H). 1.79 (m. 2H). MS (APCI+) m/e 465 
(M+Na)+. 



° s 

SMe 

6640 Example 289 

r4-(4-methvlpipera7.invlmet hvn-2-phenvlhen7.ovl1methionine 

Ex^ple2g9A 

f4-f 4-methvlpipera7i nvlmethvlV2-phenvlb en/ovnmethionine methvl ester 

6645 A solution of 4-chloromethyl-2-phenylbenzoic acid methyl ester (0.52 1 g. 2.00 

mmol), prepared as in Example 286A, 1-methylpiperazine (0.607 g, 6.00 mmol), K2CO3 
(0.663 g, 4.80 mmol), KI (0.332 g, 2.00 mmol), and Bu4NBr (0.032 g, 0.10 mmol) in 
DMF (5 mL) was stirred for 2 hours at ambient temperature and then concentrated under 
reduced pressure. The residue was treated with a saturated LiOH-methanol ( 10 mL) and 

6650 then heated at reflux for 5 hours. The mixture was concentrated and the residue was 

dissolved in H2O. This solution was exU^cted with ethyl acetate (5x), and the aqueous 
phase was then acidified by the addition of 3 M HCl and lyopholized. The resulting white 
foam was dissolved in DMF (20 mL) and the solution was treated with L-methionine, 
methyl ester hydrochloride (0.807 g, 4.00 mmol), 3-hydroxy-l,2,3-benzotriazin-4(3//)-one 

6655 (1.33 g, 8.00 mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide (1.56 g, 8.00 

mmol), and iV-methylmorpholine (1.23 g, 12.0 nunol). The reaction mixture was stirred at 
ambient temperature for 20 hours, diluted with ethyl acetate, and extracted with a 2: 1 
mixture of H2O and saturated aqueous NaHCOs (2x), 1:1 mixture of the same (2x) and 
brine (2x). The organic phase was dried (MgS04) and concentrated to provide a gold oil. 
6660 Radial chromatography (30% methanol-ethyl acetate) afforded the desired compound (0.32 1 
g. 35%). 
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Example 289 

r4-f4-methylpiperazinvlmethvlV2-phenylben 70Yl1methionine 

6665 Saponification of the product of Example 289A using the procedure of Example 

287D gave the desired compound as a white foam as the bis-hydrochloride, mono-sodium 
chloride. NMR (d6-DMS0) 5 1.76-1.95 (comp, 2H), 2.00 (s, 3H). 2.17-2.36 (comp, 
2H), 2.52 (br, 3H), 3.18-3.80 (br, 8H), 4.28-4.60 (br. 3H), 7.30-7,42 (comp, 3H), 7.47- 
7.55 (comp. 3H). 7.67-7.73 (m, IH). 7.74-7.80 (br, IH), 8.63 (d, 7= 7.8 Hz, IH). 

6670 LRMS (CI): 442 (M+H)+. 




SMe 

Example 290 

6675 (4-piperazinvlmethvl-2-Dhenvlbenzov nmethionine 

Example 290A 

4-A^-rgrr-butoxvcarbonylpiperazinvlmethvl-2-phenvlbenzoic acid 

A solution of 4-chloromethyl-2-phenyIbenzoic acid methyl ester (0.52 1 g, 2.00 
6680 mmol), prepared as in Example 286A, piperazine ( 1 .39 g, 16.0 mmol), K2CO3 (0,663 g, 
4.80 mmol), KI (0.332 g, 2.00 mmol), and Bu4NBr (0.032 g. 0. 10 mmol) in DMF (7 mL) 
was stirred for 2 hours at ambient temperature and then concentrated under reduced 
pressure. The residue was treated with saturated LiOH-methanol (10 mL) and then heated at 
reflux for 5 hours. The mixture was concentrated and the residue was dissolved in H2O. 
6685 This solution was extracted with ethyl acetate (5x), and the aqueous phase was then 
acidified by the addition of 3 M HCl and lyopholized. The resulting white foam was 
dissolved in a 1 : 1 niixture of H2O and 0.979 M NaOH (86 mL), and the solution was 
treated with ^/i-/err-butyldicarbonate (6.68 g,30.0 mmol). The reaction mixture was stirred 
at ambient temperature for 15 hours and then concentrated to remove THE. The mixture 
6690 was treated with H2O and saturated aqueous NaHC03 and then extracted with a ether (4x). 



-329- 



wo 98/50030 



PCT/US98/09297 



The aqueous phase was acidified to pH 3 by the addition of 3 M HCl and then extracted 
with 4:1 CHCl3-methanol (lOx). The combined organic extracts were dried twice with 
saturated aqueous Na2S04 and concentrated to provide the desired compound (0.544 g, 
69%) as an amber wax. 

6695 

Example 290B 

(4-A^-fgrr-butoxycarbonylpiperazinvlmethvl-2-phenylbenzovnmethionine methvl ester 

A solution of the product of Example 290A (0.544 g, 1.37 mmol), L-methionine, 
methyl ester hydrochloride (0.553 g, 2.74 mmol). 3-hydroxy-1.2,3-benzotriazin-4(3//)-one 

6700 (1.14 g, 6.85 mmol). l-(3-dimethylanunopropyl)-3-ethylcarbodiimide (1.34 g. 6.85 

mmol), and T^-methylmorpholine (0.980 g, 9.59 mmol) in DMF (14 mL) was stirred at 
ambient temperature for 16 hours. The mixture was diluted with ethyl acetate and then 
extracted with a 2: 1 mixture of H2O and saturated aqueous NaHCOa (2x), a 1: 1 mixture of 
the same (2x) and brine (2x). The organic phase was dried (MgS04) and concentrated to 

6705 provide an amber oil. Radial chromatography (1:1 hexane-ethyl acetate) afforded the 
desired compound (0.356 g, 48%) as an amber oil. 

Example 290C 
f4-piperazinvlmethvl-2-phenvlbenzov nmethionirie 

67 1 0 The desired compound was prepared from the product of Example 290B according 

to the method of Example 286E, NMR (300 MHz, DMS0-d6) 6 1.75-1.96 (comp, 
2H), 2.00 (s, 3H). 2.17-2.35 (comp, 2H), 3.3-3.7 (br, 8H), 4.28-4.38 (m, IH), 4.28- 
4.38 (m, IH), 4.38-4.54 (br, 2H), 7.30-7.44 (comp, 3H). 7.46-7.56 (comp. 3H), 7.70 (d, 
7.3 Hz, IH), ine^im (br, IH), 8.66 (d, 7= 7.7 Hz, IH), 9.86-10.06 (br. IH), 

6715 12.30- 12.70 (br, IH). LRMS (CI) m/e 248 (M+H)+. 



H 

N^COgH 

° S 
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Example 291 
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6720 



WO 98/50030 PCT/US98/09297 
f4-f3-hvdmxvpvrrnlidinvlV2-Dhenvlhen7nyl]methionine 



Example 291 A 

F4-(3-hvdroxvpviTnlidinvlV2-phenvlbcnzoyl1meth> f»nine mcthvl ester 

A solution of 4-chloromethyi-2-phenylbenzoic acid methyl ester (0.521 g, 2.00 
6725 mmol). prepared as in Example 286A, 3-pyrrolidinol (0. 178 g, 2.00 mmol), K2CO3 (0.553 
g, 4.00 mmol). and BU4NI (0.0754 g, 0.20 mmol) in CH3CN (5 mL) was stirred for 15 
hours, treated with LiOH»H20 (0.506 g, 12.0 mmol), and then heated at reflux for 5 hours. 
The solution was cooled to ambient temperature and added to a mixture of L-methionine 
methyl ester hydrochloride (0.807 g, 4.00 mmol), 3-hydroxy-l,2,3-benzotriazin-4(3//)-one 
6730 (1.66 g, 10.00 mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide (1.96 g, 10.00 

mmol), and triethylamine hydrochloride (2.81 g, 20 mmol) in CH3CN (15 mL). After 12 
days the mixture was concentrated under reduced pressure and the residue was dissolved in 
ethyl acetate. The solution was extracted with a 1 : 1 mixture of H2O and saturated aqueous 
NaHC03 (4x) and brine. The organic phase was dried (MgS04) and concentrated to 
6735 provide a gold oil. Radial chromatography (12% methanol-ethyl acetate) afforded the 
desired compound (0.494 g, 56%). 



Example 29 IB 
f4-f3-hvdroxvpvrrolidinyn-2-phenylbenzovllmethionine 

6740 Saponification of the product of Example 289A using the procedure of Example 

287D gave the desired compound as a white foam as the bis-hydrochloride, mono-sodium 
chloride. NMR (300 MHz, DMS0-d6) 5 1.77-2.06 (comp, 5H), 2.16-2.36 (comp. 
2H). 2.94-3.04 (m, IH), 3.12-3.34 (comp, 2H), 3.34-3.56 (comp, 2H). 4.28-4.37 (m, 
IH), 4.37-4.60 (comp, 2H), 4.60-5.50 (br, 2H), 7.32-7.43 (comp, 3H), 7.45-7.56 

6745 (comp. 3H), 7.65-7.80 (comp, 2H), 8.68 (d, 7= 7.8 Hz, IH), 1 1.2-1 1.9 (m, IH). LRMS 
(CI) ToJe 429 (M+H)+. 
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6750 Exainple 349 

[4-(5-cvclQhexvlmcthvlQxazQlid-7-nn-l-vlmethvlV2-f2-methvlphenv 

Example 349 A 

[4-ri-hvdrQxv-3-cvclohexvlprop-2-vlaminome thvlV2-f2-methvlphenvl^^^^ 

6755 A mixture of [4-formyl-2-(2-methylphenyl)benzoyl]methionine ethyl ester (6 1 4 mg, 

1.54 mmol), prepared according to Example 158F except substituting [4-hydroxmethyl-2- 
(2-methylphenyl)benzoic acid for 4-hydroxymethyl-2-phenylbenzoic acid in Example 158E, 
(S)-(+)-2-amino-3-cyclohexyl-l-propanol hydrochloride (357 mg, 1.84 mmol) and 
diisopropylethylamine (0,135 mL, 0.77 mmol) in toluene was refluxed for 5 hours using a 

6760 Dean-Stark apparatus. The reaction mixture was cooled to ambient temperature and diluted 
with ethanol. Sodium cyanoborohydride (145 mg) and o-bromocresol green was added. 
The reaction mixture was stirred while acidity was maintained using HCl-ethanol. The 
reaction was quenched with saturated aqueous potassium carbonate and the mixture was 
extracted with dichloromethane (2x). The combined organic layers were dried over 

6765 magnesium sulfate, filtered, and concentrated in vacuo. Chromatography on silica gel (5% 
methanol-chloroform) gave the desired compound (840 mg). 

Example 349B 

f4-fl-hvdroxv-3-cvclohexvlprop-2-vl-jV-ethoxvca rbonvlaminomethvlV2-(2- 
6770 methvlphenvnbenzovllmethionine 

To a solution in THF of the product of Example 348A (173 mg, 0.32 mmol) and 
diisopropylethylamine (66 ^L, 0.38 mmol) was added ediyl chloroformate (40 |iL, 0.38 
mmol) and the reaction mixture was stirred for 1.5 hours at ambient temperature. The 
reaction mixture was poured into ethyl acetate and the organic phase was washed with 
6775 aqueous 2N HCl, dried over magnesium sulfate, filtered, and concentrated in vacuo to give 
the desired compound as a clear oil which was used without further purification. 
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Example 349C 



6780 



6785 



6790 



6795 



6800 



f4-f5-cvclohexvlmethvl-?.-nxa7nlidon-l-vlmethvn-2-(2-methvlp henvnbenzovl1methionine 

To a 100 °C solution of the product of Example 348B in toluene was added sodium 
ethoxide (21% in ethanol, 30 ^L) and the reaction mixture was stirred for 10 minutes. The 
reaction mixture was cooled to ambient temperature and diluted with saturated aqueous 
ammonium chloride. The mixture was extracted with ethyl acetate. The organic phase was 
dried over magnesium sulfate, filtered, and concentrated in vacuo. Chromatography on 
silica gel (33% ethyl acetate-hexane) gave the title compound as the ethyl ester. 
Saponification of the ethyl ester using lithium hydroxide gave the title compound. ^ H NMR 
(DMS0-d6. 300 MHz) 8 8.13 (m, IH), 7.41 (d, 7= 7 Hz, IH), 7.25 (d, 7= 7 Hz, IH). 
7.11-7.02 (m,4H), 4.45 (d, 7= 15 Hz, IH), 4.34 (dd, 7= 9, 8 Hz, IH), 4.19 ( d, 7= 15 
Hz. IH). 4.10 (m. IH), 3.84 ( dd. 7= 8, 8 Hz. IH), 3.58 (m, IH), 2.10-1.83 (m, 5H), 
1.85 (s, 3H). 1.47-1.37 (m. 8H). 1.10-0.92 (m, 5H), 0.85-0.57 (m. 2H). MS (DCI- 
NH3) m/e 539 (M+H)+, 556 (M+NH4)+. 



N-f4-f2-f2-phenvlphenvnethvn-2-r2-m ethvlphenvl)hftn7.nvllmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210-212 
>H nmr (300 MHz, DMSO-de): 5 7.2-7.04 (m, 15 H). 6.89 (dd, 1 H), 6.54 (br d, 1 H). 
4.12 (m, 1 H), 2.81 (t, 2 H), 2.63 (t, 2 H), 2.00 (m, 1 H), 1.88-1.87 (br s, 6 H), 1.73 (m, 
2 H), 1.56 (m, 1 H). MS (ESI -): m/e 522 (M-H)". 
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Example 453 

6805 N-f4-r2-(2-Dhennxvphenvneth p n- 1 -vn.2-r2-me,thvlnhenvnben7,ovllm^thiopioe lithium !>alt 
The desired compound was prepared according to the method of Examples 210 and 
21 IJH nmr (300 MHz. DMSO-d6): 5 7.88 (br d. I H), 7.55 (m. 2 H). 7.40-7.17 (m. 1 1 
H), 7.10 (t, 1 H). 6.96 (m. 4 H). 3.65 (m, 1 H), 2.15 (m. 1 H). 2.00 (m, 1 H), 1.91 (br s. 
6 H). 1.75-1.55 (m, 2 H). MS (APCI -): m/e 536 (M-H)". 

6810 




Example 454 

N-[4-r2-r2-phenoxvphenvnethenvlV2.(2-methv lphenvnbenzovll-2-amino-4- 
methvlsulfinvlhutanoi n acid lithium salt 

The desired compound was prepared according to the method of Examples 210 and 
211..JH nmr (300 MHz. DMSO-de): 5 7.88 (br d, 1 H), 7.62-7.50 (m. 2 H), 7.40-7.17 
(m, 11 H), 7.10 (t. 1 H), 6.98 (m, 4 H), 3.90 (m, 1 H), 2.45 (s, 3 H), 2.39,2.36 (2 s's. 3 
H), 2.10-1.64 (m, 4 H). MS (ESI -): m/e 552 (M-H)". 
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F.yample455 

N-r4-f2-(2-phenoxvphenvnet hyt).7-r2-methviDhenvl^ben7.nvl1methionine lithium salt 
6825 The desired compound was prepared according to the method of Examples 210- 

212..<H nmr (300 MHz, DMSO-de): 5 7.45-6.90 (m, 17 H), 3.65 (m, 1 H), 2.88 (br s, 4 
H), 2.18-2.00 (m, 2 H), 1.91 (br s,' 6 H), 1.70-1.50 (m, 2 H). MS (APCI -): m/e 538 (M- 
H)-. 

6830 




Example 456 

N-r4-(2-f2-ph enoxvphenvnethvn-2-(2-methvlphenvnbenzovn-2-amino-4- 
methvlsulFinvlbutanoic acid lithium salt 
6835 The desired compound was prepared according to the method of Examples 210- 

212..1H nmr (300 MHz. DMSO-de): 5 7.43 (m, 1 H). 7.34 (m, 3 H), 7.25-7.00 (m, 9 H), 
6.95 (m, 1 H). 6.85 (m. 3 H)..3.90 (m, 1 H), 2.88 (br s, 4 H), 2.41-2.37 (4 s's, 6 H). 
2. 10- 1.64 (m, 4 H). MS (ESI -): m/e 554 (M-H)-. 

6840 




Example 457 

N-f4-f2-f2-benzvlphenvl'>ethenvn-2-(2-methvlphenvl1benzovnmethionin e lithium salt 
The desired compound was prepared according to the method of Examples 210 and 
6845 21 1..>H nmr (300 MHz, DMSO-de): 5 7.70 (m, 1 H), 7.59 (m, 1 H), 7.51 (m, 2 H), 7.34- 
7.10 (m, 14 H), 6.96 (br s, 1 H).4.17 (br s, 2 H), 3.63 (m. 1 H), 2.19 (m, 1 H), 2.02 (m, 
1 H), 1.92 (br s, 6 H), 1.73-1.52 (m, 2 H). MS (APCI -): m/e 534 (M-H)-. 
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6850 




F.xample 458 



N-r4-(2-f2-benzvlphenvnethenvn-2.f2-met hvlphenvnbeP7.nvl1methionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212..1H nmr (300 MHz, DMS0-d6): 5 7.60-7.40 (m, 3 H). 7.25-7.07 (m, 12 H). 7.00- 
6855 6.80 (m, 2 H). 3.97 (s. 2 H). 3.61 (m. 1 H), 2.83 (m. 2 H). 2.72 (m, 2 H), 2.08 (m, 1 H), 
1.97 (m. 1 H), 1.96,1.91(2 br s's, 6 H), 1.80-1.52 (m, 2 H). MS (APCI -): m/e 536 (M- 
H)-. 



N-r4-f2-r3-phenoxvphenvnethvlV2-f2-methv lphenvnbenzovnmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212..1H nmr (300 MHz, DMS0-d6): 6 7.44 (d, 1 H), 7.35 (tt, 2 H), 7.25 (dt, IH). 7.19 
6865 (m, 4 H), 7.10 (tt, 2 H), 6.98 (dt, 1 H). 6.96-6.83 (m, 5 H). 6.79 (ddd, I H), 3.64 (m, 1 
H), 2.91 (br s, 4 H). 2.08 (m, 1 H). 1.95 (m, 1 H), 1.91 (br s, 6 H), 1.73-1.52 (m, 2 H). 
MS (APCI -): m/e 538 (M-H)". 



6860 




Example 459 
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Rxample 460 

N-f4-r2-(3-phenoxvphenvl')ethvn-2-('2 -methvlphenvnhp,n7.nvl1-2-amino-4- 
methvlsulfinylhutanoic a cid lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
6875 212.. >H nmr (300 MHz, DMSO-de): 7.44 (dd, I H). 7.35 (tt, 2 H). 7.25 (dt, IH), 7.19 
(m, 4 H), 7.10 (tt, 2 H), 6.98 (dt. 1 H), 6.96-6.83 (m, 5 H), 6.79 (ddd, 1 H), 3.90 (m, 1 
H), 2.91 (br s, 4 H), 2.45 (s, 3 H), 2.39,2.36 (2 s's. 3 H), 2.20-1.54 (m. 4 H). MS (ESI 
-): m/e 554 (M-H)". 



6880 




Example 461 

N-f4-r2-(4-cvclohexvlphenvnethvn-2-r2-methvlphenvnhenzov l1methionine lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
6885 212..IH nmr (300 MHz, DMSO-de): 5 7.45 (d, 1 H), 7.29 (dd, 1 H), 7.25-7.05 (m. 8 H), 
6.88 (m, 2 H), 3.64 (m, 1 H). 2.88 (m, 4 H), 2.44 (m, 1 H). 2.10-1.30 (m, 14 H), 1.91 
(br s, 6 H). MS (APCI -): m/e 528 (M-H)-. 
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6890 




Example 462 

N-r4-f2-f4-Dhenoxvphenvnp-thvlV2-f2-methvlphenvn hen70vnmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
212..1H nmr (300 MHz, DMSO-de): 7.45 (d. 1 H). 7.40-7.27 (m, 3 H), 7.25-7.12 (m, 7 
6895 H), 7.10 (tt, 1 H). 6.98-6.87 (m. 5 H), 5 3.67 (m. 1 H), 2.91 (br s, 4 H), 2.16-1.95 (m, 2 
H), 1.91 (br s. 6 H). 1.73-1.52 (m, 2 H). MS (APCI -): m/e 538 (M-H)-. 




6900 Example 463 

N-[4-r2-r4-phenoxvDhenvnethvlV2-r2-methvlp henvnbenzovn-2-amino-4- 

methylsulfinylbutanoic acid lithium salt 

The desired compound was prepared according to the method of Examples 210 - 

212..'H nmr (300 MHz, DMSO-de): 7.66-6.87 (m, 17 H), 3.70 (m, 1 H), 2.92 (br s, 4 H), 

6905 2.40-2.37 (4 s's, 6 H). 2.20-1.54 (m. 4 H). MS (ESI -): m/e 554 (M-H)-. 
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Example 464 

6910 N-r4-f2-fluoren-4-vlethvlV2-f2-methvlphenvnbenzovnmethi onine lithium salt 

The desired compound was prepared according to the method of Examples 210- 
212..»H nmr (300 MHz, DMSO-de): 5 7.84 (d. 1 H), 7.77 9d, 1 H). 7.56 (d, 1 H), 7.45 
(d. 1 H), 7.44 (s. 1 H), 7.40-6.86 (m. 10 H). 3.86 (s, 2 H), 3.64 (m, 1 H), 2.98 (br s, 4 
H). 2.08 (m. 1 H), 1.95 (m, 1 H). 1.91 (br s, 6 H), 1.73-1.52 (m, 2 H). MS (APCI -): 

6915 m/e 538 (M-H)-. 




Example465 

6920 N-r4-r2-naphth-2-vlethenvlV2-(2-methvlphenvnbenzovnmethionine 

The desired compound was prepared according to the method of Examples 210 and 
21 1..1H nmr (300 MHz, CDCI3): 8: 5 8.07 (dd, 1 H), 7.90-7.80 (m, 4 H). 7.74 (dd, 1 
H). 7.66 (dd. 1 H), 7.51 (m, 2 H), 7.42-7.31 (m. 6 H), 7.25 (m, 1 H), 5.94 (t, 1 H). 4.60 
(m, 1 H), 2.20-2.00 ( 4 s's, 6 H). 2.12 (m, 1 H). 2.03 (m, 1 H), 1.94 (m, 1 H). 1.58 (m. 1 

6925 H). MS (CI +): m/e 496 (M+H)+. 
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Example 466 

6930 N-f4-r2-naphth-l-vlethenvn-2-r2-methvlphenvl)benzovnmethi Qnine lithium salt 

The desired compound was prepared according to the method of Examples 2 1 0 and 
21 1..>H nmr (300 MHz, MeOD-d4): 8 8.28 (d, 1 H). 8.12 (dd, 1 H). 7.90-7.72 (m, 5 H), 
7.63-7.42 (m, 5 H), 7.35-7.10 (m, 5 H), 4.25 (m, I H). 2.98 (br s, 4 H), 2.30 (m, I H), 
2.10 (m, 1 H). 2.02-1.97 (4 s's. 6 H), 1.84 (m. 1 H), 1.68(m. 1 H). MS (ESI -): m/e 494 

6935 (M-H)-. 




Example 467 

6940 N-f4-(2-naphth- 1 -vlethvn-2- r2-methvlphenvnbenzovllmethionine lithium salt 

The desired compound was prepared according to the method of Examples 2 10 - 
212..1H nmr (300 MHz, MeOD-d4): 6 8.08 (d. 1 H), 7.85 (dd, I H), 7.70 (d. 1 H), 7.63- 
7.38 (m, 4 H), 7.37-7.15 (m, 6 H), 7.05-6.83 (m, 2 H), 4.24 (m, 1 H), 3.42 (t, 2 H). 3.12 
(t, 2 H), 2.27-2.05 (m. 2 H), 2.00 (br s, 6 H), 1.90-1.60 (m, 2 H). MS (ESI -): m/e 496 

6945 (M-H)-. 
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Example 468 

6950 N-r4-f 2-naDhth- 1 -vlethvn-2-r2-methvlphenvnben7 ovnmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
212..»H nmr (300 MHz, MeOD-d4): 5 7.66 (m, 3 H), 7.45 (m, 2 H). 7.31 (m, 2 H). 7.24 
(dd. 1 H), 7.20 (dd. 1 H), 7.13-7.00 (m. 4 H), 6.80 (br d, 1 H). 4.13 (m, 1 H). 3.01 (t. 4 
H). 1.91.1.88,1.81 (3 br s's, 6 H), 1.95-1.48 (m, 4 H). MS (ESI -): m/e 496 (M-H)-. 

6955 




N-r4-r3.phenvlproD- 1 -en vn-2-f 2-meth vlphenvnbenzovnmethionine 
6960 n : 1 mixture of olefin isomers) 

The desired compound was prepared according to the method of Examples 210 and 
21 l..'H nmr (300 MHz, CDCI3): 6 8.00,7.96 (2 d's, from each of the isomers. 1 H), 7.48- 
7.08 (11 H), 6.52-6.30 (m. 2 H), 5.88 (m, 1 H), 4.56 (m, 1 H), 3.60 (2 d's. from each of 
the isomers, 2 H), 2.20-2.00 (m, 8 H), 1.90 (M, 1 H), 1.52 (m. 1 H). MS (CI +) m/e 460 
6965 (M+H)+. 
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Example 470 

6970 N-r4-f3-naDhth-2-vlpropvn-2-f2-methvlphenvnben7 r. vl1methionine lithium salt 

The desired compound was prepared according to the method of Examples 210- 
212JH nmr (300 MHz, MeOD-d4): 5 7.68 (t, 1 H), 7.65 (t, I H). 7.51 (m, 2 H). 7.34- 
7.06 (m, 9 H). 6.93 (m, 1 H). 4.17 (m, I H), 2.73 (t, 2 H), 2.66 (t, 2 H), 1.96 (m. 1 H). 
1.99 (m, 3 H), 1.97.1.89 (2 br s's. 6 H), 1.72 (m, 1 H), 1.53 (m. I H). MS (ESI -): m/e 

6975 5 10(M-H)-. 




Rxamt>le471 

6980 N-f4-r3-cvclohexvlproo-l-envlV2-f2-methvl phenvnhenzovllmf.thionine lithium salt 

The desired compound was prepared according to the method of Examples 2 10 and 
21 1..1H nmr (300 MHz. DMSO-de): 5 7.46 (m, 2 H). 7.25-7.09 (m. 6 H), 6.96 (m, 1 H). 
6.40 (m. I H), 3.64 (m, 1 H), 3.18 (m. 2 H). 2.2-2.05 (m, 2 H), 2.03-1.92 (3 br s's, 6 H), 
1.75-0.90 (m, 13 H). MS (ESI -): m/e 464 (M-H)-. 

6985 
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Example 472 

N-f4-(4-phenvlhut-l-envl'>-2-('2-tnethvlphenvnbenz ovl1methionine 
6990 The desired compound was prepared according to the method of Examples 2 1 0 and 

21 1..>H nmr (300 MHz, CDCI3): 5 7.98 (m. 1 H), 7.50-7.10 (m. 12 H). 6.41 (m. 1 H). 
5.88 (m. 1 H), 4.57 (m. 1 H). 2.82 (m, 2 H). 2.57 (m, 2 H), 2.20-2.00 (m, 8 ,H). 1.92 (m. 
1 H). 1.52 (m. 1 H). MS (CI +) m/e 474 (M+H)+. 

6995 




Example 473 

N-r4-f4-naphth-2-vlbut-4-on-l-vlV2-r2-methvlphenv nhen20vnmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
7000 212..1H nmr (300 MHz, DMSO-de): 5 8.61 (s, 1 H). 8.10 (br d, 1 H), 7.98 (m. 2 H). 

7.63 (m, 2 H), 7.46 (m, 2 H), 7.31 (m, 1 H), 7.23-6.87 (m, 6 H), 3.44 (m. 1 H), 3.20 (m, 
2 H), 2.75 (m, 2 H). 2.30-1.97 (m. 4 H), 1.95 (br s. 3 H), 1.91 (br s. 3 H), 1.90-1.56 (m, 
2 H). MS (ESI -): m/e 538 (M-H)". 

7005 
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Rxample 474 

M.[^- f4-p a phth-2-vlbuM-ol-l-envlV2- (9-mpthvlnhenvnhe.n7,ovl1methioaine 
The desired compound was prepared according to the method of Examples 2 10 and 

21 IJH nmr (300 MHz. DMSO-de): 5 7.95-7.83 (m, 4 H), 7.56 (dd, I H), 7.48 (m, 3 H). 

7.43 (m, 1 H), 7.25-7.08 (m. 5 H). 7.00-6.85 (m, 1 H), 6.45 (m, I H), 4.86 (t, 1 H), 3.64 

(m, 1 H), 2.63 (br t. 2 H), 2.17 (m, 1 H). 1.98,1.91 (2 br s"s. 6 H). 1.95 (m, 1 H). 1.90- 

1.56 (m, 2 H). MS (ESI -): m/e 538 (M-H)-. 



7015 




Exam ple 478 

N-f4-a-rvc.lnhexvlbutvlV2-(2-meth y l phenvnbenzovnmethionine sodium salt 
The desired compound was prepared according to the method of Examples 210- 
212..1H nmr (300 MHz. DMSO-dg): 8 7.45 (d, 1 H). 7.27-7.10 (m, 5 H), 6.96 (m. 1 H), 
6.89 (br s, 1 H), 3.67 (m. 1 H). 2.62 (t, 2 H). 2.15 (m. 1 H). 1.98,1.91 (2 br s's. 6 H), 
1.97 (m, 1 H), 1.70-0.75 (m, 19 H). MS (ESI -): m/e 480 (M-H)-. 
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Example 480 

N-r4-(5-phenvlpent- 1 -eiivlV2-(2-methvlphenvnhenzovl1methionine 
The desired compound was prepared according to the method of Examples 2 10 and 
21 IJH nmr (300 MHz, CDCI3): 5 8.00 (tt, 1 H), 7.43 (dt, 1 H), 6.38-7.15 (m, 1 1 H). 
7030 6.39 (m, r H). 5.85 (m, 1 H), 4.52 (m, 1 H). 2.70 (m, 2 H). 2.19 (m. 1 H). 2.20-2.00 (4 
s's, 6 H), 2.10 (m, 3 H), 1.90-1.50 (m, 4 H). MS (CI +): m/e 488 (M+H)+. 




7035 Example 493 

N-r4-f2-pvrimidin-5-vlethvnvn-2-f2-metKvlphenvnbenzovl1 methionine lithium salt 
The desired compound was prepared according to the method of Examples 210 - 21 1 
IH nmr (300 MHz, DMSO-de): 5 9.20 (s, I H), 9.04 (s, 2 H), 7.63 (m, 3 H), 7.42 (m, 1 
H). 7.30-7.18 (m, 4 H), 7.16-7.00 (m, 2 H), 3.48 (m, 1 H), 2.18 (m, 1 H), 2.02 (m, 1 H). 
7040 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m, 1 H). 




Example 494 
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7045 rsI-f4-f2-Dvrimidin-5-vlethen-l-vn-2-(2-methvlphenY l)hp.n7.ovnmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210-211 
>H nmr (300 MHz. DMSO-de): 5 9.06 (s, 1 H), 9.04 (s, 2 H), 7.67 (br d, 1 H). 7.00 (m. 2 
H). 7.47 (m, 1 H). 7.38 (d. 1 H), 7.30-7.15 (m. 3 H), 7.10-6.97 (m, 2 H), 3.66 (m,l H). 
2.20 (m, 1 H), 2.03 (m, 1 H), 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m. 1 H). MS (ESI -): 

7050 m/e 446 (M-H)". 




Example 495 

7055 N-r4-f2-pvra7.in-2-vlethen-l -vlV2-f2-methvlphenv nhen7ovnmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210-211 
•H nmr (300 MHz. DMSO-d6): 5 8.78 (s. 1 H). 8.63 (dd, 1 H). 8.51 (d, 1 H). 7.82 (d. 1 
H), 7.76 (dd, 1 H). 7.59 (d, 1 H). 7.52 (m. 2 H), 7.30-7.10 (m, 4 H). 7.02 (m, 1 H), 3.68 
(m. I H), 2.20 (m. 1 H). 2.03 (m, 1 H). 1.93 (br s. 16 H), 1.70 (m. 1 H). 1.58 (m, 1 H). 

7060 MS (ESI -): m/e 446 (M-H)-. 




Example 496 

7065 N-r4-f 3-naphth-2-vlprop- 1 -envlV2-(2-me thvlphenvnbenzovl1methionine lithium salt 

( 1 : 1 mixture of olefin isomers') 
The desired compound was prepared according to the method of Examples 210-211 
IH nmr (300 MHz. MeOD-d4): 5 7.85-7.58 (m, 5 H), 7.51-7.36 (m, 4 H), 7.32-7.10 (m. 5 
H), 6.61 (m, I H). 4.24 (m, 1 H). 3.72,3.67 (2 d's, 2 H, 1:1 ratio), 2.24 (m. 1 H), 2.08- 
7070 1 .95 (4 s's, 6 H). 1 .99 (m, 1 H), 1 .90-1 .60 (m, 2 H). MS (ESI -) m/e 508 (M-H)-. 
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Example 572 

7075 N-f4-f2.3-diDhenvlpropan-) -vn-2-(2-meth vlphenvl^ben7.ovnmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210-212 
(DMSO-d6) 5 7.38 (d.lH), 7.10. 6.90, 6.73 (all m, total 17H), 3.75 (m, IH), 2.98 (m, 
5H). 2.10-1.50 (envelope, lOH). MS (ESI) 536 (M-H)". Anal calcd for C34H34LiN03S • 
0.25 H2O: C. 74.50; H, 6.34; N, 2.56. Found: C, 7.10; H, 5.95; N, 2.53. 

7080 




Example 768 

A/-r4-fA(-Benzvl-A/-phenvlaminosulfonvn-2-('2-methvlphenvnben 7ovnmethionine lithium 
7085 salt 

The desired compound was prepared according to the method of Example 5E. 
(d6-DMS0): 8 7.7-7.9 (4H, m); 7.3-7.1 (13H, m); 4.84 (2H, s); 4.1 (IH. m) 3.2 (3H, s); 
1.9 (3H, s); 2.1-1.6 (4H, m). ESI(-)/MS: 587 (M-Li) 

7090 
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It 



O 

pxample 772 

A^.r4-W-2-cvclohexvlethYlaminn.sulf o nvn-2-Dhenvlhcn7.ovl1methionine lithium salt 
The desired compound was prepared according to the method of Example 5E. ^ H 
(CD3OD): 7.85-7.9 (IH, d); 7.7-7.8 (IH. d); 7.6-7.7 (IH. s); 7.2-7.3 (4H, m); 4.2-4.3 
(IH, m); 2.8-2.9 (2H. t); 2.05-2.1 (2H, m); 2.0 (3H, s); 1.9 (3H. s); 1.6-1.7 (6H. m) 1.1- 
1.4 (7H. m); 1.7-1.86 (2H, m). ESI(-)/MS: 521(M-Li); 487, 459. 




7100 

Hxample773 

yv-r4-f 1 -Benzvlvlpiperidin-4-vlaminosulfonvl V 2-phenvlben7,ovnmethionine lithium Sf>lt 
The desired compound was prepared according to the method of Example 5E. 
{CD3OD): 7.82-7.94 (IH, d); 7.75-7.81 (IH, d); 7.62-7.72 (IH. s); 7.1-7.38 (9H. m); 4.2- 
7105 4.3 (IH, m); 3.1(2H, s); 3.0-3.1 (IH, m); 2.7-2.8 (2H, d); 2.42-2.54 (2H, t); 1.78-2.3 
(1 IH, m); 1.6-1.78 (3H, m); 1.4-1.6 (2H. m). ESI(-)/MS: 594(M-Li). 




7110 E?^amplg 774 
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A^.r4-N-(2-piperidin-lvlgthvnaminosulfonylV2-phenylben7 nvnniethionine lithium salt 
The desired compound was prepaired according to the method of Example 5E. ' H 
(CD3OD): 7.82-7.94 (IH, d); 7.75-7.81 (IH, d); 7.62-7.72 (IH. s); 7.1-7.38 (4H. m); 
4.18-4.3 (IH. m); 3.1(2H. m); 2.34-2.5 (5H, m); 2.2-2.35 (2H. m); 2.05-2.2 (2H; m); 
7115 1.93-2.05 (3H, s); 1.8-1.95 (4H. m); 1.6-1.7 (2H. m); 1.55-1.6 (3H. m); 1.4-1.5 (2H, m). 
ESl(-)/MS: 532 (M-Li); 488; 357. 



A^-r4-/V-f2-morpholin-lvlethvnaminosulfonvn-2-phe nvlhenzovnmethionine lithium salt 
The desired compound was prepared according to the method of Example 5E. • H 
(CD3OD): 7.9-8.1 (IH, d); 7.8-7.9 (lH,d); 7.67-7.8 (IH, s); 7.1-7.4 (4H, m); 4.2-4.3 
(IH. m); 3.4-3.7 (4H, m); 3.4-3.2 (4H. m); 2.9-3.2 (2H. t); 1.6-2.6 (12H, m) ESI(-)/MS; 
7125 534(M-Li); 490; 462. 



Example 776 

7130 Af-r4-(2-f3.4-dimethoxvphenvl'>ethvlaminosulfonvl'>-2-phenv lhenzovnmethionine lithium salt 



The desired compound was prepared according to the method of Example 5E. 
lH(MeOH-d4): 5 7.78-7.9 (2H, m); 7.62-7.7 (lH,s); 7.1-7.3 (4H, m); 6.78-6.82 (IH, d); 
6.72-6.78 (IH. d); 6.65-6.72 (IH, q); 4.2-4.3 (IH, m); 3.75-3.8 (6H, s); 3.08-3.18 (2H, 
m); 2.58-2.7 (2H, t); 1.6- 2.26 (lOH, m). ESI(-)/MS: 585(M-Li); 541; 410. 




7120 



Example 775 




7135 
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o 

F.xample 777 

/V-[4-f 3-imidazol- l-vlpropylaminosulfonvn-2-phenylbenzoyllmethion ine lithium salt 
7 1 40 The desired compound was prepared according to the method of Example 5E. 

lH(MeOH-d4): 6 7.78-7.9 (2H, dd); 7.5-7.6 (2H, m); 7.1-7.3 (4H, m); 7.1 (IH. s); 6.92 
(IH, s); 4.2-4.3 (IH, m); 4.05-4.18 (2H. t); 2.8-2.9 (2H. t); 1.6-2.3 (12H, m). ESI(-)/MS: 
529(M-Li);281;255. 

7145 




II 



O 

Example 778 

A^-r4-r3-(2-methvlpiperidin-l-ynpropvlaminosulfonvn-2-phenvl benzovl1methionine lithium 

§ali 

7 1 50 The desired compound was prepared according to the method of Example 5E. 

lH(MeOH-d4): 5 7.8-7 .94(2H, dd); 7.6-7.7 (IH. s); 7.1-7.4 (4H, m); 4.2-4.3 (IH, m); 
2.84-2.94 (2H, t); 2.7-2.87 (2H, m); 1.8- 2.5 (13H, m); 1.4-1.8 (6H, m); 1.24-1.349 (2H, 
m); 1.0-1.1 (3H, m). ESI(-)/MS: 560(M-Li); 385; 281. 

7155 
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Example 783 
yV-r4-iodo-2-r2-methylphenynbenzoyninethionine 
The desired compound was prepared according to the method of Example 2 1 OC. ' H 
7160 nmr (300 MHz, CDCI3): 6 7.83 (dd, 1 H), 7.72 (dd, 1 H), 7.60 (s, 1 H), 7.39-7.16 (m, 4 
H), 5.89 (m, 1 H), 4.58 (m, 1 H), 2.20-2.00 (m. 8 H), 1.96 (m. 1 H), 1.58 (m, 1 H). MS 
(CI +) m/e 452 (M+H)+. 




Example 784 

jV-f4-N(t-Butylcarbazatocarbonylmethyl)amino-2-phenvlbenzoyllmethionine 
The desired compound was prepared according to the method of Example 57, except 
iiButylcarbazatocarbonylmethyl bromide was used as the alkylating agent. 'H nmr (300 
7170 MHz, DMSO-d6): 5 9.79 (s, 1 H), 8.85 (s, 1 H), 8.12 (d. 1 H), 7.47-7.29 (m, 6 H), 6.65 
(br d, 1 H), 6.56 (d, 1 H), 6.43 (t. 1 H), 4.30 (m, 1 H). 3.81 (d, 2 H), 2.32 (m, 2 H), 2.05 
(br s, 6 H), 1.90 (m, 2 H), 1.47 (s, 9 H). MS (APCI -1-) m/e 517 (M+H)+. 
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Example 785 

A/-[4-f?..rthia7r>l-5-vnethpn-1 -vn-2-f2- r nt>.thvlphenvnhen7.ovnmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
211. IH nmr (300 MHz, DMSO-de): 5 9.01 (s, 1 H), 7.98 (s. 1 H), 7.67 (d, 1 H), 7.63 
(m. I H), 7.55 (d ,1 H), 7.42 (m. 1 H), 7.30-7.15 (m, 4 H), 3.65 (m. 1 H), 2.18 (m. 2 
H), 2.02 (br s. 3 H), 1.92 (br s. 3 H). 1.70 (m, 1 H), 1.58 (m, 1 H). MS (ESI -): m/e 451 
(M-H)-. 




7185 

Example 786 

A^-f4-f2-pheDvlphenvn-2-(2 - methvlphenvnhen7,ovnmethionine lithtMm salt 
The desired compound was prepared according to the method of Examples 210- 
211. IH nmr (300 MHz. DMSO-de): 8 7.96 (s, I H), 7.83 (d. 1 H), 7.77 (d. 2 H), 7.74 
7190 (d. 1 H), 7.66 (t, 2 H), 7.56 (t. 2 H), 7.48 (t, 2 H), 7.38 (t, 1 H), 7.24 (m. 3 H), 7.02 (m. 
1 H). 3.66 (m, 1 H), 2.22 (m. 2 H), 2.05 (br s, 3 H). 1.93 (br s, 3 H), 1.77 (m, 1 H), 1.58 
(m, 1 H). MS (ESI -): m/e 494 (M-H)". 
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7195 

Example 787 

A/-f4-f3-phenvlphenvlV?--r?--methvlph envl'>benzovnmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
211. IH nmr (300 MHz. DMSO-de): 5 7.7.54-7.44 (m, 4 H), 7.51 (m, 1 H). 7.38 (m. 1 
7200 H), 7.34-7.22 (m. 3 H), 7. 19-7.00 (m, 5 H), 6.90-6.85 (m, 2 H), 6.66 (m, I H), 3.62 (m, 
1 H). 2.22 (m, 2 H). 2.05 (br s, 3 H). 1.93 (br s. 3 H). 1.77 (m, 1 H), 1.58 (m. 1 H). MS 
(ESI -): m/e 494 (M-H)". 




7205 

Example 788 

A^-r4-f4-phenvlphenvn-2-r2-methvlDhenvl1benzov l1methionine lithium salt 
The desired compound was prepared according to the method of Examples 2 10 - 
211. IH nmr (300 MHz. DMSO-de): 5 7.87-7.80 (m. 3 H). 7.78 (t, 2 H), 7.73 (d, 2 H). 
7210 7.65 (d. 1 H), 7.49 (m, 3 H). 7.39 (m. 1 H). 7.33-7.15 (m. 4 H). 7.02 (m. 1 H). 3.66 (m, 
1 H), 2.22 (m. 2 H), 2.05 (br s. 3 H), 1.93 (br s, 3 H). 1.77 (m. I H). 1.58 (m, 1 H). MS 
(ESI -):m/e494(M-H)-. 
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SMe 



N COaLi 
H 



Example 789 

A^-r4-(4-phenvlcvclohexvlidenv l )-?--<'2-methvlphenvnben7.oynmethio nine lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
211. IH nmr (300 MHz, CD3OD): 5 7.56 (m, 1 H), 7.25-6.94 (m, 10 H), 6.27 (.s, 1 H), 
4.16 (m, 1 H), 2.60 (m, 1 H), 2.40 (m, 2 H), 2.17 (m. 2 H), 2.00-1.70 (m, 13 H), 1.58 
(m. 1 H). MS (ESI -): m/e 522 (M-H)-. 




7225 Example 790 

/V-r4-.yvM-(4-phenvlcvclohexvlmethvlV2-(2-methvlphenvnbenzovllm ethionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212. 'H nmr (300 MHz, CD3OD): 5 7.53 (m, 2 H), 7.22-6.92 (m, 10 H), 4.15 (m, 1 H), 
2.73 (br d, 2 H), 2.52 (m, 1 H), 2.15 (m, 2 H), 2.02-1.90 (m. 6 H), 1.75 (m, 5 H), 1.57 
7230 (m, 5 H). MS (ESI -): m/e 5 14 (M-H)-. 
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Example 791 

7235 A^-r4-(2-phenylethen-I-ylV2-(2-methylphenynbenzovllmethionine 

The desired compound was prepared according to the method of Examples 210- 
211. »H nmr (300 MHz, CDCI3): 8 8.03 (dd, 1 H), 7.61 (dd, 1 H). 7.52 (m, 2 H), 7.40- 
7.22 (m, 8 H). 7.20 (d, 1 H), 7.10 (d, 1 H). 5.93 (m, 1 H). 4.59 (m, 1 H), 2.20-2.00 (m. 
8 H), 1.96 (m. 1 H), 1.56 (m, 1 H). MS (CI +) m/e 446 (M+H)+. 

7240 




Example 792 

/V-r4-t'2-(3-phenylphenynethen- 1 -yn-2-f 2-methvlphenvnbenzovllmethionine lithium salt 
7245 The desired compound was prepared according to the method of Examples 210- 

21 1. iH nmr (300 MHz. CD3OD): 5 7.83-7.10 (m, 18 H), 4.27 (m, 1 H), 2.30 (m, 1 H), 
2.15-1.95 (m, 8 H), 1,88 (m, 1 H). 1.69 (m, I H). MS (ESI -): m/e 520 (M-H)-. 
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7250 



F.xample 793 



A/.f4-r?--n-phenvlphenvl)gf/iv/)-2-( ?-mp.fhvlphenvnbenzovnmethionine lithium salt 
The desired compound was prepared according to the method of Examples2 10 - 2 1 2. 
iH nmr (300 MHz, CD3OD): 6 7.60 (br d, I H). 7.51 (br d, 2 H), 7.45-7.20 (ni. 12 H), 
6.98 (m. 1 H), 4.23 (m, 1 H), 3.04 (br s. 4 H). 2.12 (m. 2 H). 2.03-1.91 (m, 6 H), 1.83 
(m. 1 H), 1.65 (m. 1 H). MS (ESI -): mJe 522 (M-H)-. 



N-r4-f 2-f 3-phenvlphenvnethen- 1 -vn-2-f2-methvlphenvnhenzovllmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
21 1. >H nmr (300 MHz, DMSO-de): 6 7.85 (dd, 1 H), 7.54-7.30 (m. 9 H), 7.30-7.10 (m, 
6 H). 7.10 (d. 1 H), 6.95 (m, 1 H), 3.67 (m. 1 H). 2.16 (m, 2 H), 2.02 (br s, 3 H), 1.91 
7265 (br s, 3 H), 1.70 (m, 1 H). 1.57 (m, 1 H). MS (ESI -): m/e 521 (M-H)". 




7260 



Example 794 
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7270 



7275 



7280 



7285 



Example 8 10 

/V-r4-f2-G-Dhenoxvpvrida7.in.6-vnethen-l-vn-2-Q-niethvlph ftnvnhenzovl1methionine 

lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
211. 'H nmr (300 MHz. DMSO-de): 8 8.08 (d. 1 H). 7.76 (dd, 1 H), 7.59 (d, 1 H), 7.52 
(d, 1 H), 7.52-7.43 (m. 4 H), 7.31-7.10 (m, 7 H), 7.00 (m, 1 H). 2.18 (m. 1 H), 2.02 (m, 
1 H), 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m, 1 H). MS (ESI -): m/e 538 (M-H)-. 



A^-r4-f2-f3-phenoxvpvrida7in-6-vl1ethvn-2-r2-methvlphenvn henzovnmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210- 
211. IH nmr (300 MHz, DMSO-d6): 5 7.65 (d. 1 H), 7.46 (d, I H). 7.44 (d, 1 H). 7.38- 
7.10 (m, 9 H), 6.94 (m. 1 H), 6.88 (m, 1 H). 6.75 (m, 1 H), 3.65 (m, 1 H), 3.19 (t, 2 H), 
3.07 (t. 2 H), 2.18 (m, 1 H), 2.02 (m, 1 H). 1.92 (br s, 6 H). 1.70 (m, 1 H), 1.58 (m, 1 
H). MS (ESI -): m/e 540 (M-H)-. 



A^-r4-f2-(2-phenoxvpvridazin-5-vnethen-l-vlV2-f2-methvlphenvnbenzovn methionine 



The desired compound was prepared according to the method of Examples 210- 



211. >H nmr (300 MHz, DMSO-de): 5 8.51 (s, 1 H), 8.33 (s, 1 H), 7.64 (m, 1 H), 7.53- 





Example 812 



lithium salt 
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7.38 (m. 6 H), 7.30-7.15 (m. 7 H). 7.00 (m, 1 H). 3.65 (m. I H), 2.18 (m. 1 H). 2.02 (m. 
7295 1 H). 1.92 (br s. 6 H), 1.70 (m. l .H). 1.58 (m, 1 H). MS (ESI -): m/e 538 (M-H)-. 




Example813 

7300 A/-f4-(2-f2-phenQxvpvridazin-5-vl'iethvlV2 -r2-methvlDhenvnhenzovl1methionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212. 'H nmr (300 MHz, DMSO-ds): 6 8.26 (s, 1 H), 8.21 (s. 1 H). 7.50-7.30 (m, 6 H), 
7.30-7.10 (m, 5 H), 7.00 (m. I H). 3.65 (m. 1 H), 2.97 (m, 4 H). 2.18 (m, 1 H), 2.02 (m, 
1 H), 1.92 (br s. 6 H), 1.70 (m, 1 H), 1.58 (m. I H). MS (ESI -): m/e 540 (M-H)-. 

7305 




Example 824 

A/-f4-f2-henzvloxvmethvlpvrrolidin-l-vlmethvn - 2-f2-methvlDhenvnhenzovl1methionine 
7310 The desired compound was prepared according to the method of Example 157. 'H 

nmr (300 MHz, DMSO de): 8 8.13, d. IH; 7.47, d, IH; 7.37, d, IH; 7.13 - 7.32, m. lOH; 

4.48. s, 2H; 4.21, m 2H; 3.51, m, 2H; 3.38, m, 2H; 2.89, m, 2H; 1.99 - 2.40 m, 7H; 

1.98, s, 3H; 1.50 - 1.96, m, 4H. MS (ESI(-)): 545 (M-H); (ESI(+)): 547. Calc'd for 

C32H38N2O4S + O.7OH2O: C 68.72. H 7.10, N 5.01: Found: C 68.71, H 6.6.88, N 
7315 4.92. 
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Example 854 

7320 N-r4-f2-f4-(2-chlorophenoxv^phenvnethen-l-vn-2-r2-methv lphenvnben7ovninethionine 
The desired compound was prepared according to the method of Examples 210-211. 
MS m/e 570 (M-H)-. >H NMR (CDCI3, 300 MHz) 5 1.58 (m. IH). 1.95 (m, IH), 2.1 (m. 
8H). 4.59 (m, IH). 5.91 (m. IH). 6.91-7.62 (m. 16H). 8.03 (m, IH). 



7325 




Example 855 

N-r4-f2-f4-r2-chlorophenoxv'>phenvnethvn-2-f2-methvlphenvnb en7.ovl1methionine 
The desired compound was prepared according to the method of Examples 210 - 
7330 211. MS m/e 574 (M+H)+ »H NMR (CDCI3, 300 MHz) 5 1.53 (m, IH), 1.93 (m. IH). 
2.1 (m. 8H), 2.95 (m, 4H), 4.59 (m, IH), 5.83 (m. IH). 6.83-7.50 (m. 14H). 7.97 (m, 
IH). 



7335 




Example 856 
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N-r4-f2-f4-f2-nitrop hPnnY Y)phRnviy .then-l-vn-2-f2-methvlphenvl^hen70vl1 methionine 
The desired compound was prepared according to the method of Examples 210 - 
211. MS m/e 583 (M+H)+. 'H NMR (CDCI3. 300 MHz) 5 1.57 (m. IH), 1.93 (m, IH). 
7340 2. 1 (m. 8H), 4.58 (m, IH), 5.90 (m, IH). 6.65 (m. 2H). 6.90-7.50 (m, 14H), 7.96 (m, 
IH). 



7345 




The title compound was prepared in an analogous manner Example 212 except that 
the final compound was extracted out of pH 7 buffer after the final hydrolysis. MS m/e 555 
(M+H)+. 'H NMR (CDCI3. 300 MHz) 6 1.49 (m, IH). 1.91 (m. IH), 2.1 (m, 8H), 2.95 
7350 (m, 4H), 4.56 (m, IH). 5.84 (m, IH), 6.68-7.38 (m, 14H), 7.97 (m, IH). 




Example 858 

N-f4-r2-f4-r3-chlnrophennxv'>phenvnftthen-l-vn-2- r2-methvlDhenvnbenzovl1 methionine 
The desired compound was prepared accordirig to the method of Examples 210 - 
211. MS m/e 570 (M-H)-. ^H NMR (CDCI3, 300 MHz) 5 1.57 (m, IH). 1 .95 (m, IH). 
2.1 (m. 8H), 4.59 (m, IH). 5.91 (m, IH). 6.91-7.62 (m. 16H), 8.04 (m. IH). 



7360 
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Example 859 

N-r4-(2-(4-f3-chlorophenoxv1phenvnethvlV2-(2-methvlphenyl'>benzovnmethionine 
The desired compound was prepared according to the method of Examples 210- 
7365 212. MS m/e 572 (M-H)-. NMR (CDCI3, 300 MHz) 6 1.49 (m. IH), 1.93 (m, IH). 
2.1 (m, 8H), 2.97 (m. 4H), 4.55 (m, IH), 5.84 (m, IH), 6.81-7.37 (m, 14H), 7.98 (m, 
IH). 



7370 




Example 860 

N-r4-(2-(4-(4-chlorophenoxy')phenyl)ethyl)-2-(2-methylphenyl'>benzoyl1methionine 
The desired compound was prepared according to the method of Examples 210- 
212. MS m/e 574 (M+H)+. 'H NMR (de-DMSO, 300 MHz) 5 1.75 (m. 2H), 1.94 (m. 
7375 6H), 2.06 (m, 2H), 2.94 (m, 4H), 4.13 (m, IH), 6.92-7.48 (m, 12H), 7.66 (m, 2H), 7.97 
(m, IH). 
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N-[4-f2-r4-f3-nitrophennxv ) r *l''V V')'"'^g"-l-vl^-2-(2-methvlnhenvnhenzovl1methionine 
The desired compound was prepared according to the method of Examples 210- 
211. MS m/e 583 (M+H)+. «H NMR (CDCI3, 300 MHz) 5 1.54 (m, IH), 1.92 (m, IH), 
2.1 (m, 8H), 4.58 (m. IH), 5.91 (m, IH), 6.7-7.6 (m, 16H), 8.02 (m, IH). 



N-r4-(4-t-biitnxvcarbonvlpiperazin-l-vlmethvlV2-f 2-methvlDhenvnhen7.ovnmethionine 
The desired compound was prepared according to the method of Example 158. ' H 
NMR (CDCI3. 300 MHz) 5 1.45 (s, 9H), 1.60 (m, IH). 1.82 (m, IH), 2.05 (m, 8H), 2.53 
(m, 4H), 3.46 (m, 4H), 3.62 (m. 2H). 4.38 (m. IH), 6.00 (m, IH), 7.10-7.50 (m, 6H). 
7.86 (m, IH). MS m/e 540 (M-H)". 



pxample 867 

N-r4-r4-phenvlp i pera7in-l-ylmethvlV2-f 2-methvlphenvnhenzovnmethiopine 



The desired compound was prepared according to the method of Example 158. H 
7400 NMR (CDCI3, 300 MHz) 5 1.47 (m, IH), 1.82 (m, IH), 2.0 (m, 8H), 2.75 (m, 4H), 3.21 
(m, 4H), 3.65 (m, 2H), 4.30 (m. IH), 6.1 1 (m, IH), 6.89 (m, 2H), 7.22 (m. 8H). 7.40 
(m, IH). 7.82 (m, 1H).MS m/e 516 (M-H)-. 



7385 




Example 866 



7395 
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7405 



7410 




SMe 



N COaLi 
H 



Example 888 

A^44-A^-fl.3-Diphenvlpropa n-2-vniminooxvmethvl-2-r2-methvlDhenvnben20vl1-rTiethionine 

lithium $alt 

The desired compound was prepared according to the method of Example 157. ' H 
NMR (300 MHz. DMSO) 6 1.50-1.62 (m, IH), 1.63-1.76 (m, IH), 1.92 (s, 3H). 1.95- 
2.15 (m. 5H). 3.38 (s, 2H), 3.53 (s, 2H). 3.69 (brs, IH), 5.18 (s. 2H), 6.98 (d. J=6A Hz. 
IH). 7.04-7.28 (m. 15H). 7.36 (dd, 7=7.8, 1.7 Hz, IH). 7.52 (d. 7=7.8 Hz, IH). MS 
(ESI) m/z 587 (M+H); Analysis calc'd for C35H35LiN2O4S»1.0H2O: C, 69.52; H, 6.17; 
N, 4.63; found: C, 69.47; H. 6.09; N, 4.58. 



7415 




SMe 



CO2H 



Example 929 

/y^-r4-fA^-Hept.4-vlaminooxvmethvn-2-f 2-methvlphenvnbenzovnmethionine 
7420 The desired compound was prepared according to the method of Example 157 ^ H 

(300MHz, DMSO-d6. 6) 7.52 (IH, d. y=8Hz), 7.37 (IH, dd, y=9&2Hz). 7.30-7. 10 (4H. 

m), 7.10 (IH, bs), 6.97 (IH, m), 6.33 (IH, bd, y=10Hz), 4.63 (2H, s). 3.68 (IH, m), 

2.74 (IH, m), 2.20-1.95 (3H, m), 1.92 (3H, s), 1.90-1.40 (4H, m), 1.40-1.20 (8H, m). 

0.83 (6H, t, y=8Hz). m/z (ESI) 485 (MH') Anal.calc. for C27H37LiN2O4S 0.25 H2O C 
7425 65.24, H 7.60, N 5.64 Found C 65.14, H 7.81, N 5.33 
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Example 988 

7430 A^44-f3-benzyloxypyrrolidin-l-vlmethyl'>-2-f2-methylphenynbenzovl1methionine 

The desired compound was prepared according to the method of Example 158 ' H 

nmr (300 MHz, DMSO de): 5 8.08. d, IH; 7.47, d, IH; 7.37, dd, IH; 7.29, m, 5H; 7.20. 

m, 2H; 7.14, m, 3H; 4.40, q (AA"), 2H; 4.21, m. IH; 4.1 1, m, IH; 3.68, q (AA'), 2H; 

2.41 - 2.76, m. 4H; 1.98 - 2.23, m, 6H; 1.97, s, 3H; 1.64 - 1.93, m, 3H. MS (ESI(-)): 
7435 531 (M-H); (ESI(+)): 533. Calc'd for C31H36N2O4S: C 69.90, H 6.81, N 5.26: Found: 

C 69.21, H 6.86, N 5.06 




7440 Example 989 

jV-f4.(3.benzyioxvpiperidin-l-vlmethyn-2-(2-methvlphenvnbenzovllmethionine 
The desired compound was prepared according to the method of Example 158 'H 
nmr (300 MHz, DMSO de): 5 8.09, d, IH; 7.49. d, IH; 7.37, dd, IH; 7.23 - 7.34, m, 5H; 
7.22, m, 2H; 7.12, m, 3H; 4.48, s, 2H; 4.23, ddd, 1H;"3.60, m, 2H; 3.46. m. IH; 3.30, 
7445 m, 2H; 2.95, m, IH; 2.64, m, IH; 2.00 - 2.24, m, 6H; 1.98, s, 3H; 1.63 - 1.96, m, 3H; 
1.42, m, IH; 1.22, m, IH. MS (ESI(-)): 545 (M-H); (ESI(+)): 547. Calc'd for 
C32H38N2O4S +0.37 H2O: C 69.46, H 7.06, N 5.06: Found: C 69.45, H 7.14, N 4.76. 
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Example 990 

A/-f4-n-cvclohexvlmethoxvpiperidin-l-vlmethvlV2-f2- methvlphenvnbenzovl1methionine 
The desired compound was prepared according to the method of Example 1 58 ' H 
nmr (300 MHz, DMSO de): 5 7.98, d, 0.5H; 7.97, d, 0.5H; 7.37, d, IH; 7.25, d, IH; 
7455 7.09, m, 2H; 7.02, m, 3H; 4.10, m, IH; 3.44, s. 2H; 3.15, m, 2H; 3.05, m. 2H; 2.77. m. 
IH; 2.52. m. IH; 1.88 - 2.13. m. 5H; 1.60 - 1.82, m. 3H; 1.51, m, 5H; H; 1.85, s, 3H; 
1.30. m, 2H; 0.90 - 1.16, m, 4H; 0.75. m, 2H. MS (ESI(-)): 551 (M-H); (ESI(+)): 553. 
Calc'd for C32H44N2O4S+ 1.13 H2O: C 67.06, H 8.14, N 4.89: Found: C 67.06, H 
7.88, N 4.80. 

7460 




Example 991 

N-r4-f2-phenoxvmethvlpvrrolidin-l-vlmethvn-2-(2-m ethvlphenvnhenzovnmethionine 
7465 The desired compound was prepared according to the method of Example 158 ' H 

nmr (300 MHz. DMSO de): 5 8.10, d, IH; 7.48, d, IH; 7.40, d, IH; 7.01 - 7.30, m, 6H; 
6.90, m, 3H; 4.22, m, 2H; 4.01, m, IH; 3.85, m, IH; 3.59, m, IH; 3.34, m, IH; 3.03, m, 
IH; 2.91, m, IH; 2.36, m, IH; 1.98 - 2.24, m, 6H; 1.96, s, 3H; 1.60 - 1.90, m, 4H. MS 
(ESI(-)): 531 (M-H); (ESI(+)): 533. Calc'd for C31H36N2O4S + 0.87 H2O: C 67.90, H 
7470 6.94, N 5.11: Found: C 67.90, H 6.95, N 4.87. 
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F.xample992 

7475 jV-r4-f2-cvclohexvlmethox vmethvlpvrrolidin-l-vlmethYlV2-(2- 

methvlphenvnbenzov llmethionine 
The desired compound was prepared according to the method of Example i 58 • H 
nmr (300 MHz, DMSO de)- 5 8.11, d, IH; 7.47, d, IH; 7.38, d, IH; 7.21. m, 2H; 

7.16, m, 3H; 4.21, m, 2H; 3.53, m, IH; 3.25 - 3.46, m, 3H; 3.18, dq (AA'). 2H; 
7480 2.87, m, 2H; 2.30, m. IH; 1.99 - 2.24, m, 6H; 1.97, s. 3H; 1.77 - 1.95, m, 2H; 1.56 - 
1.76, m, 6H; 1.40 - 1.55, m, 2H; 1.51, m, 3H; 0.88, m. 2H. MS (ESI(-)): 551 (M-H); 
(ESI(+)): 553. Calc'd for C32H44N2O4S + 0.74 H2O: C 67.90. H 8.10, N 4.95: Found: 
C 67.89, H 7.83, N 4.79. 

7485 




Example 993 

A/-r4.r2-henzvloxvmftthvlpvrrolidin-l-vlmethvn- 2-r2-methvlDhf,nvnben7.ovl1methionine 
The desired compound was prepared according to the method of Example 158 'H 
7490 nmr (300 MHz, DMSO de): 5 8.12, d, IH; 7.49, d, IH; 7.39, d, IH; 7.30. m. 5H; 7.21. 
m, 2H; 7.15, m, 3H; 4.48, s, 2H; 4.22, m, 2H; 3.53, m, 2H; 3.40, m, 2H; 2.89, m, 2H; 
2.23 - 2.40, m, IH; 2.00 - 2.22, m, 5H; 1.98, s, 3H; 1.50 - 1.94, m, 6H. MS (ESI(-)): 
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545 (M-H); (ESI(+)): 547. Calc'd for C32H38N2O4S + 1.60 H2O: C 66.78. H 7.22, N 
4.87: Found: C 66.79, H 6.88. N 4.70. 

7495 



Example 1016 

7500 N-(4-f2-(4-f4-chlorophenoxy)phenynethen-l-vlV2-(2-methylphenynbenzovl1methionine 

lithium salt 



Prepared as in Example 210. MS m/e 570 (M-H)-. 'H NMR (d6-DMSO, 300 
MHz) 6 1.5-2.2 (m, lOH), 3.65 (m, IH), 6.95 (m. IH). 7.02-7.69 (m, 17H). 



Example 1035 

N-f4-(4-benzvlpiperazin-l-vlmethyn-2-(2-methylphenvnbenzoyllmethionine 
Prepared similarly. MS m/e 530 (M-H)-. NMR (CDCI3, 300 MHz) 5 1.65 (m. 
7510 IH). 1.95 (m, IH), 2.08 (m, 8H), 2.75 (m, 8H), 3.71 (m. 4H), 4.42 (m, IH), 6.21 (m, 
IH). 7.3 (m, IIH). 7.79 (m, IH). 




7505 





7515 



Example 1036 
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A/-f4-f4-benzvlpiperidin-l -Ylm<•^hv^-2-(2-methvlphRnY))^'T1^"v""^g^hionine 
Prepared similarly. MS m/e 529 (M-H)-. 'H NMR (CDCI3, 300 MHz) 5 1 .65 (in, 
5H), 1.95 (m, IH), 2.06 (m. 8H). 2.41 (m, IH), 2.56 (m, 2H), 3.30 (m, 2H), 3.55 (m, 
IH). 3.71 (m. 2H). 4.13 (m, IH), 4.42 (m. IH), 6.30 (m, IH), 7.18 (m. lOH), 7.47 (m, 
7520 IH), 7.77 (m, IH). 




SMe 



CO2H 



Example 1037 

7525 A^-r4-r4-(4-chlorophenvn-4-hvdroxypipericiin- 1 -vlmethvlV2-(2- 

methylphenvnbenzoyllmethionine 
Prepared similarly. MS m/e 565 (M-H)-. >H NMR (de-DMSO. 300 MHz) 5 1 .6 1 
(m, 4H), 1.80 (m. IH), 1.93 (m, IH), 1.99 (s, 3H), 2.15 (m, 5H), 2.48 (m, 2H), 2.69 
(m, 2H), 3.63 (s, 2H), 4.18 (m, IH), 4.92 (s, IH), 6.95 (m, 2H), 7.45 (m, 8H), 7.95 (m, 
7530 IH). 



7535 




SMe 



CO2H 



A/-F4-f4-cvclohexvlpiperazi 



Example 1038 
n- 1 .ylmethvl^-2-f 2-methvlphenvnben 7.oynmethionine 



Prepared similarly. MS m/e 522 (M-H)-. >H NMR (CDCI3, 300 MHz) 5 1.29 (m, 
6H), 1.68 (m, IH), 1.88 (m, 5H), 2.05 (m, 8H). 2.71 (m, 4H), 2.89 (m, IH), 3.58 (m, 
6H), 4.38 (m, IH), 6.42 (m, IH). 7.2-7.5 (m. 6H), 7.74 (m, IH). 



7540 
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Exam ple 1083 

(2S) 2-r4-f4-phenvl-1.3-dioxolan-2-vn-2-r2.methvl phenvnbenzovnmethionine. Lithium Salt 




Example 1083A 

(2S] 2-r4-f4-phenvl-l .3-dioxnlan-2-vlV2-f2-methvlDhe nvnbenzovnmethionine. Methyl 

Ester 

To a solution of N-[4-fonnyl-2-(2-methylphenyl)benzoyl]methionine methyl ester ( 
7550 example 403G, 340mg) and 1 ,2-dihydroxyethylbenzene ( 1 34mg) in toluene (3mL) was 

added p-toluenesulfonic acid hydrate (17mg), and magnesium sulfate (212mg). After 7h at 
ambient temperature, the reaction was filtered through infusorial earth and concentrated. The 
residue was purified by silica gel chromatography eluting with 30% EtOAc/hexane to give 
the title compound as a colorless oil (330mg, 74%). MS (APCI(+)) m/e 506 (M+H)+. MS 
7555 (APCI(-)) m/e 540 (M+Cl)-. 
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COaLi 



F.yam ple 1Q83B 

p.< ^) 7-[4-r4-phenvl-1.3-dioxolan-?.-vn-2-f2-methvlphen v nhen7.ovnmethionine. Lithium Salt 
7 560 The title compound was prepared from (2S) 2-[4-(4-phenyl- 1 ,3-dioxoian-2-yl)-2-(2- 

methylphenyl)benzoyl]methionine methyl ester according to the procedure in example 608E, 
and was isolated as a white powder. NMR (300 MHz, DMSO) 8 1.51-1.88 (m, 4H), 
1.92 (s. 3H). 1.98-2.20 (m. 3H), 3.62-3.73 (m. IH), 3.76 (t, J=7.8 Hz, 0.5H). 3.85 (t. 
J=7.2 Hz, 0.5H), 4.38 (t, J=7.2 Hz, 0.5H), 4.56 (ddd, J=8.4, 6.6. 1.8 Hz, 0.5H), 5.25 
7565 (t, J=6.9 Hz, IH), 6.20 (s, 0.5H), 6.22 (s, 0.5H), 7.00-7.12 (m, IH), 7.25-7.47 (m. 
lOH), 7.59 (d. J=6 Hz, 2H). MS (APCI(+)) m/e 492 (M+H); Analysis calc'd for 
C28H28LiNO5SM.30H2O: C, 64.56; H. 5.92; N, 2.69; found: C. 64.56; H, 5.69; N. 

2.54 



Example 1099 

A^-f4-ri-henzvltetra7.ol-S-vlmethvn-2-(2-methv lphenvnbenzovnmethionine 

■Ste p 1: 4-nitrilemethyl-2-r2-methv lphenvnphenvlacetate 
A 100 mL round-bottom flask was charged with 4-bromomethyl-2-(2- 
methylphenyl)phenylacetate (798.0 mg, 2.5 mmol and MeOH (23 mL)/ H2O (2 mL). 
Potassium cyanide (489.4 mg, 7.5 mmol) was added and allowed to stir at room 



7570 
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temperature for 12 h, then heated to reflux for 1 h, monitoring by TLC (1:1 EtOAc/hexane). 

7580 The reaction was cooled and solvent was removed under vacuum. It was then diluted with 
water and extracted with EtOAc (3x10 mL). The combined organic layers were washed 
with brine, dried over MgS04, filtered and concentrated under vacuum. The product was 
purified by silica gel column (1:1 EtOAc/Hexane). Yield: 597.3 mg (90%), off-white solid. 
>H NMR (5, CDCI3): 8.0 (2H), 7.0-7.5 (5HX 2.83 (2H), 3.6 (3H), 2.05- (3H), 1.55 (IH). 

7585 Mass spec(ESI): 266 (M+1), 264 (M-1). 

Step 2: 4-tetrazol-5-ylmethvI-2-(2-methvlphenynphenvlacetate 
A 100 mL 3-neck round-bottom flask was charged with 4-nitrilemethyl-2-(2- 
methylphenyOphenylacetate (533.3 mg, 2 mmol) and dmf (25 mL) under N2 purge. 

7590 Sodium azide (910. 1 mg, 12 mmol) and triethylamine hydrochloride (1.3780 g, 10 mmol) 
were added. The reaction was heated at 100 "^C for 48 h. After cooling, I M NaHCOs (50 
mL) was added. The reaction was extracted with EtiO (3 x 25 mL). The aqueous layer was 
acidified with 1 M H3PO4 to pH = 3. Then extracted with EtOAc (3 x 50 mL). The 
combined organic layers were washed with water (50 mL) and brine (50 mL), dried over 

7595 MgS04, filtered and concentrated under vacuum. The product was purified by silica gel 

column (CHCb/MeOH/HOAc (95:5:1)). Yield: 691.2 mg, yellow oil. Mass spec(ESI): 309 
(M+1),307 (M-1). 

Step 3: 4-ri-benzvltetrazol-5-ylmethvn-2-(2-methvlphenvnbenzoate (A) and 4-(2- 
7600 benzyltetrazol-5-vlmethyn-2-(2-methylphenvnbenzoatefB) 

A 25 mL round-bottom flask was charged with 4-tetrazol-5-ylmethyl-2-(2- 

methylphenyOphenylacetate (618.1 mg, 2 mmol) in CH3CN (9.5 mL)/water (0.5 mL). 

Benzyl bromide (0.36 nfiL, 3 mmol) and potassium hydrogen carbonate (1 g) were added. 

The reaction was stirred for 4 h and then diluted with water. The mixture was extracted 
7605 with EizO (3 x 10 mL). The organic layer was washed with water (10 mL) and brine (10 

mL), dried over MgS04, filtered and concentrated under vacuum. The two regioisomers 

were separated by silica gel column (40% EtOAc/Hexane). Yield: 255.7 mg (product A) 

and 277.6 mg (product B). Product A: NMR (5, CDCI3): 7.9 (2H), 7.0-7.4 (lOH). 

5.7 (2H), 4.27 (2H), 3.6 (3H), 2.0 (3H). Mass spec(ESI): 399 (M+1), 397 (M-1). 
7610 Product B: »H NMR (5, CDCI3): 7.9 (2H), 6.9-7.4 (lOH), 5.4 (2H), 4.2 (2H), 3.6 (3H), 

2.0 (3H). Mass spec(ESI): 399 (M-h1), 397 (M-1). 

Step 4: 4-(l-benzvltetrazol-5-vlmethyn-2-f2-methylphenyl)benzoic acid 
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A 50 mL round-bottom flask was charged with 4-(l-benzyltetrazol-5-ylmethyl)-2- 
7615 (2-methylphenyl)benzoate (A) (205.8 mg, 0.52 mmol) and ethanol (10 mL). 4 N sodium 
hydroxide ( 1 . 1 mL, 4. 1 6 mmol) was added. The reaction was refluxed for 2 h and then 
cooled. The solvent was removed under vacuum and then diluted with water. The reaction 
was extracted with Et20 (3x10 mL). The pH of the aqueous layer was adjusted to 2 with 1 
M H3PO4. The aqueous layer was extracted with EtOAc (3 x 10 mL). The combined 
7620 organic layers were washed with brine (10 mL), dried over MgS04, filtered and 

concentrated under vacuum. Yield: 205. 1 mg, white solid. iR NMR (5, CDCI3): 8.0 
(2H), 7.0-7.4 (lOH), 5.7 (2H), 4.3 (2H), 2.0 (3H). 

Step 5: N-\A-( 1 -hen7.vltetrazol-5-vlmethvlV2-f2-meth vlphenvnben7.ovl1methionine 
7625 A 50 mL round-bottom flasks was charged with 4-( 1 -benzyltetrazol-5-ylmethyl)-2- 

(2-methyIphenyl)benzoic acid (205.1 mg, 0.52 mmol), l-(3-dimethylaminopropyl-3- 
ethylcarbodiimide hydrochloride (EDAC) (110.1 mg, 0.0.572 mmol), L-methionine methyl 
ester hydrochloride (135.0 mg, 0.676 mmol), 1-hydroxybenzotriazole (78.6 mg, 0.572 
mmol) and dmf (3 mL). The reagents were stirred until completely dissolved and then 
7630 triethylamine (0. 14 mL, 0.936 tnmol) was added. The reaction was stirred about 48 h until 
no starting material was present. Water (2 mL) and EtOAc (2 mL) were added to dissolve 
the precipitate. The mixture was extracted with EtOAc (3 x 10 mL). The combined organic 
layers were washed with 2 M NaiCOs (10 mL), water (10 mL) and brine (10 mL), dried 
over MgS04, filtered and concentrated under vacuum. Yield: 273.0 mg , yellow solid. 'H 
7635 NMR (6, CDCI3): 8.0 (2H), 7.0-7.4 (lOH), 5.85 (IH), 5.7 (2H), 4.6 (IH), 4.3 (2H), 
3.65 (3H), 1.95-2.2 (6H), 1.5-1.9 (4H). 

Step 6: N-r4-f 1 -hen7.vltetrazol-5-vlmethvn- 2-(2-methvlphenvl)benzovl1methionine- 

carboxvlic acid 

7640 A 25 mL round-bottom flask was charged with N-[4-( 1 -benzyltetrazol-5-ylmethyl)- 

2-(2-methylphenyl)benzoyl]methionine (273,0 mg, 0.53 mmol) and 3 mL of MeOH/THF 
(1:1). The flask was cooled to 0°C and 1 M lithium hydroxide ( 1 . 1 mL, 1 .07 mmol) was 
added. The bath was removed and the reaction stirred for about 3 h, monitoring by TLC 
(1:1 EtOAc/Hexane). The solvent was removed under vacuum and the reaction diluted with 

7645 water. The mixture was extracted with EtOAc (3 x 10 mL), washed with brine (10 mL), 
dried over MgS04, filtered and concentrated under vacuum. Yield: 176.2 mg yellow 
solid. 

IH NMR (8, CDCI3): 7.9 (2H), 7.0-7.4 (lOH), 5.9 (IH), 5.7 (2H). 4.57 (IH), 4.3 (2H), 
2.0-2.2 (6H), 1.9 (2H), 1.5 (2H) 
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7650 Mass spec (ESI): 516 (M+1). 514 (M-1) CjsHzgNsOsS* 1 .30 H2O 

Anal. Calc'd.: C 62.39 H 5.91 N 12.99. Found: C 62.43 H 5.64 N 12.83 




7655 Example 1 100 

A/-f4-n-cvclohexvlmethvltetrazol-5-vlmet hvn-2-f2-methvlphenvnbenzovllmethionine 
Procedure: Follow example 1 102 (product B). Yield: 105.7 mg, pale yellow solid. 
N-[4-(l-cyclohexylmethyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]methionine. 
'H NMR (5. CDCI3): 7.95 (IH), 7.0-7.4 (5H), 5.9 (IH). 4.55 (IH), 4.3 (2H), 4.0 (2H), 
7660 2.9 (3H), 0.8-2.2 (20H) 

Mass spec (ESI): 522 (M-i-1), 520 (M-1) C28H35N5O3S»0.90 H2O»0.05 CH3CN 
Anal Calc'd.: C 62.51 H 6.90 N 13.10 Found: C 62.51 H 6.43 N 12.92 



7665 




Example 1 101 

yV-r4-r2-ben7.vltetrazol-5-vlmethvlV2-f2-methvlphe nvnbenzovnmethionine 
Procedure: Follow example 1099 (product B). Yield: 176.2 mg. 
7670 N-[4-(2-benzyltetra2ol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]methionine. 

IH NMR (5. CDCI3): 7.92 (2H), 6.8-7.4 (lOH), 5.9 (IH), 5.4 (2H), 4.55 (IH). 4.2 (2H), 
2.0-2.2 (6H), 1.9 (2H), 1.55 (2H) 

Mass spec (ESI): 516 (M-i-1), 514 (M-1) C28H29N5O3S»1.30H2O 
Anal, calc'd.: C 62.39 H5.91 N 12.99 Found: C 62.43 H 5.65 N 12.53 

7675 
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SMe 



NaN r^^^iT^N CO2H 
RxamDlelL02 

A^-f4-r2cvclohexvlmethvltetra 7nl-S-vlmethvn-2-(2-methvlphenvl')benzovninethionine 
7680 Procedure: Follow example 1099, except use bromomethylcyclohexane instead of 

benzylbromide (product A). Yield: 220.2 mg, pale yellow solid. /V-[4- 
(2cyclohexylmethyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]methionine 
IH NMR (6, CDCI3): 7.95 (IH), 7.0-7.5 (5H), 5.9 (IH), 4.55 (IH). 4.4 (2H). 4.3 (2H), 

2.9 (3H), 0.9-2.2 (20H) 
7685 Mass spec (ESI): 522 (M-Hl), 520 (M-l)C28H35N5O3S-0.50H2O 

Anal. Calc'd.: C 63.37 H 6.84 N 13.20 Found: C 63.58 H 6.54 N 12.80 



SMe 




N CO2H 
H 



7690 Example 1109 

/^44-(3fSVcvclohexvlmethQxvmethvlm Qrpholin-4-vlmethvlV2-f2- 
methvlphenvDbenzovn methionine 




7695 Example 11 09 A 

O-Allvl-N-t-butoxvcarbonvl-L-serine 
Serine (5. 13 g, 25.0 mmol) in 60 mL of DMF was cooled in an ice bath and treated 
with sodium hydride (60%, 3.30 g, 82.5 mmol) in 3 portions over - 15 minutes and the 
mixture stirred until the ceasation of bubbling (-20 minutes). The mixture was treated with 
7700 allyl bromide (2,4 mL, 27.5 mmol) and after 5 minutes, the ice bath was removed. The 
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mixture was stirred for 1.5 hours at ambient temperature and then quenched by the careful 
addition of water. The pH of the solution was adjusted to 2 with IM aqueous phosphoric 
acid and extracted with 3 portions of ethyl acetate. The combined organic fractions were 
extrated with 3-30 mL portions of IN aqueous sodium hydroxide and the combined 
7705 aqueous phases washed with ether. The pH of the aqueous phase was adjusted to 2 with 
IM aqueous phosphoric acid and extracted with 3 portions of ethyl acetate. The combined 
organic fractions were washed with water and brine, dried, filtered and concentrated to 
provide 6. 10 g (99%) of the title compound. MS (DCI, NH3): 246 (MH+); 263 (M+NH4)+. 

7710 ^02Me 

Example 1109B 
O- Allvl-N-t-butoxvcarbonyl-L"Serine. methyl ester 
A solution of example 1 109A (6.09 g, 24.8 nmiol) in 30 mL of 50% aqueous DMF 
was treated with cesium carbonate (8.09, 24.8 mmol) and the mixture stirred 30 minutes. 
7715 Methyl iodide (3. 1 mL, 49.7 nrunol) was added and the mixture stirred for 60 hours at 

ambient temperature. The mixture was diluted with water and extracted with 3 portions of 
ethyl ether. The combined organic extracts were washed with water, IN aqueous sodium 
hydroxide and brine, dried filtered and concentrated to provide 1.51 g (23%) of the title 
compound, MS (DCI, NH3): 260 (MH+); 277 (M+NH4)+. 

7720 

Is^NBOC 
HO 

Example 1 109C 

3(SVMethoxycarbonyl-4-t-butoxycarbonyl-5-hydroxymorphoiine 
Ozone was passed through a solution of example 1 109B (1.50 g, 5.8 mmol) in 20 
7725 mL of 1 : 1 methanol/methylene chloride cooled in a dry ice/acetone bath until the solution 
turned blue. Nitrogen was passed through the cold solution until the blue color was 
discharged and then dimethyl sulfide (3 mL).was added and the cooling bath removed and 
the mixture stirred overnight and concentrated. The residue was dissolved in ether and 
washed with water, brine, dried, filtered and concentrated to provide 1.5 g of the title 
7730 compound that was used directly. 



L^NBOC 
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F.yam ple 1109D 
3fS>-Methoy Y^frt^"pv'-4-t-butoxvcarbopvln]nrpholine 

7735 A solution of example 1 109C (522 mg, 2.0 mmol) in 4 mL of methylene chloride 

was cooled in an ice/acetone bath and triethylsilane (1.6 mL, 10.0 mmol) was added. The 
solution was then treated with a solution of boron trifluoride etherate (0.27 mL. 2.2 mmol) 
in 1 mL of methylene chloride. After stiaing 30 minutes, the bath was removed and stirring 
continued for 30 minutes and the mixture was quenched by the addition of 2M aqueous 

7740 sodium carbonate. The mixture was diluted with water and methylene choride and the 

layers separated. The aqueous layer was extracted with 2 portions of methylene chloride 
and the combined organic layers were dried, filtered and concentrated. The residue was 
purified by column chromatography on silica gel (40 g, 20% ethyl acetate/hexanes) to 
provide 200 mg (41%) of the title compound. MS (DCI, NH3): 246 (MH+); 263 

7745 (M+NH4)+. 

L^NBOC 

Rxamplell09E 
3rSVHvdroxvmethvl-4-t-hutoxvcarb nnvlmorpholine 

7750 A solution of example 1 109D (376 mg, 1 .53 mmol) in 4 mL of ethanol was treated 

with calcium chloride (310 mg, 3.06 mmol) nad the mixture stirred until a clear solution 
resulted. The solution was diluted with 2 mL of THF and then treated with sodium 
borohydride (232 mg, 6.13 mmol) and the mixture stirred for 4 hours. The reaction was 
quenched by the addition of water, diluted with 2M aqueous sodium carbonate and extracted 

7755 with 3 portions of methylene chloride. The combined organic fraactions were dried, filtered 
and concentrated to provide 268 mg (83%) of the title compound. MS (DCI, NH3): 2 1 8 
(MH+); 235 (M+NH4)+. 

0^'^^^OBn 
is^NBOC 

7760 Example U09F 

XS)-Rf-n7vlnxvmethvl- 4-t-hutoxvcarhnnvlmorphoiine 
A solution of example 1 109E (261 mg, 1 .2 mmol) and benzyl bromide (0. 1 8 mL. 
1 .44 mmol) in 1 mL of DMF was cooled in an ice bath and treated with sodium hydride 
(60%, 72 mg, 1 .80 mmol) and the mixture stirred for 15 minutes. The cooling bath was 
7765 removed and stirring continued for 6 hours and then the mixture was quenched by the 
addition of water. The mixture was partitioned between water and 3 portions of ethyl 
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acetate. The combined organic extracts were washed with water, brine, dried, filtered and 
concentrated. The residue was purified by column chromatography on silica gel (20 g. 25% 
ethyl acetate/hexanes) to provide 275 mg (74%) of the title compound. MS (DCI, NH3): 
7770 308 (MH+); 325 (M+NH4r. 

< ^NBOC 

Fxam ple 1 109G 

3(SVCyclohexylmethvloxymethvl-4-t-butoxvcarbonvlmorpholine 
7775 A solution of example 1 109F (270 mg. 0.88 mmol) in i 5 mL of methanol was 

treated with 135 mg of 5% rhodium on alumina and stirred under 4 atmospheres of 
hydrogen gas for 24 hours. The mixture was filtered and concentrated to provide 274 mg 
(99%) of the tide compound. MS (DCI, NH3): 314 (MH+). 

Is^NH'HCI 

Example 1 109H 
3fSVCvclohexvlmethvloxv methvlmorpholine 
Using the procedure of example 1 106C, example 1 109G (265 mg, 0.84 mmol) was 
converted to the title compound. MS (DCI, NH3): 214 (MH+). 

^ SMe 



mo 



7785 




COaMe 



cr- 



Example 11091 

A^f4-(3(S)-cvclohexylmethoxymethvlmorpholin-4-ylmethvl)-2-(2- 
methylphenyDbenzoyllmethionine. methyl ester 
7790 Using the procedure described in example 1 106C, part 1, example 1 109H (204 mg, 

0.82 mmol) provided 29 mg ( 10%) of the tiUe compound. MS (ESI+): 583 (MH+): (ESI-): 
581 (M-H). 
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cr° 



7795 



Example 11 09 J 

N-r4-f3fSVcvclohexvlmethoxvmethvlm nrpholin-4-vlniethvn-2-(2- 
methvlphenvnbenzoyllmethionine 



Prepared according to the procedure of example 1 104D. H nmr (300 MHz., 
CD3OD): 6 7.64, d, IH; 7.48. d, IH; 7.14 - 7.34, m, 5H; 4.41, m, IH; 4.28. bd. IH; 
7800 3.85, dd. IH; 3.76, m, IH; 3.49, 3.70. m, 6H; 3.23, d. 2H; 2.82. m. 2H; 2.51, m, IH; 
2.06 - 2.24. m. 5H; 1.99, s, 3H; 1.93, m, 2H; 1.70, m, 6H; 1.55. m. IH; 1.09 - 1.32, m, 
4H; 0.92, m. 2H. MS (ESI+): 569 (MH+): (ESI-): 567 (M-H). Calc'd for 
C32H44N2O5S»0.40 H2O; C 66.73; H 7.84; N 4.86; Found: C 66.72; H 7.82; N 4.7 1 . 



"OH 
Exffllple 11 UA 
3rSVcvclohexvlmethoxv-2-t-hutoxvcarbo nvlaminopropan-l-ol 

Following the procedure of example 1 109G. example 1 108A (1 .OOg, 3.55 mmol) 
7815 was converted to 0.85 g (83%) of the title compound. MS (DCI, NH3): 288 (MH+). 



7805 





Example 111 IF 

A/-r4-<'3rR'>-cvclQhexvlmethnxvmethvlthi nmnrpholin-4-vlmethvn-2-(2- 
methvlphenvl'tben zovnmethionine 



7810 
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7825 



NHBOC 
^COaEt 



Example HUB 

R-r2-t.hutoxvcarbonvlamino-^-r.Yclnhexv l methvloxvlpmpvlmercaptoacetic acid, ethyl ester 
7820 Following the procedure described in example 1 106B (and substituting the potassium 

salt of ethyl mercaptoacetate for sodium thiomethoxide), example 1 1 1 1 A (0.84 g, 2.91 
mmol) was converted to 0.89 g (78% overall) the title compound. MS (DCI, NH3): 390 
(MH+). 



Example llUC . 
3-Oxo-5rRVcvclohexvlmet hvloxvmethvl-thiomorpholine 
Example 1 11 IB (0.88 g, 2.24 mmol) was dissolved in 4 mL of 4N HCl/dioxane and 
the mixture stirred overnight and concentrated. The residue was dissolved in 5 mL of 
7830 acetonitrile and diisopropylethylamine (0.80 nJ, 4,48 mmol) was added. The mixture was 
stirred for 1 hour at room temperature and 4 days at 65°C. The mixture was cooled to room 
temperature, diluted with water and exatracted with 3 portions of ethyl ether. The combined 
organic extracts were washed with IM aqueous phosphoric acid, water, brine, dried, filtered 
and concentrated. The residue was purified by cloumn chromatography on silica gel (30 g, 
7835 40% - 100% ethyl acetate/hexanes) to provide 0.35 g (65%) of the title compound. MS 
(DCI. NH3): 244 (MH+); 261 (M+NH4)+ 



Example HUD 

7840 SfRVcvclohexvlmethvlo xvmethvl-thiomorpholine 

Following the procedure of example 1 178F, example 1 1 1 IC (0.34 g, 1.40 mmol) 
provided 0.34 g ( 100%) of the title compound. MS (DCI, NH3): 230 (MH+). 
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SMe 



C 02Me 



7845 



Example HUE 



A^-r4-r3-rR'>cvclohexvlmethoxvmethvlthiomorpholin-4 -vlmethvn-2-(2- 
methylphenyltbenzovllmethionine. methyl ester 
Following the procedure of example 1 103C, example 1 1 1 ID (172 mg, 0.75 mmol) 
was converted to 67 mg (1 1%) of the title compound. MS (ESI+): 599 (MH+): (ESI-): 
7850 597 (M-H). 



Following the procedure of example 1 104D, the title compound was prepared. H 
nmr (300 MHz., CD3OD): 5 7.65, d, IH; 7.48, d, IH; 7.14 - 7.32, m, 5H; 4.40, m, IH; 
4.10. d, IH; 3.91. d. IH; 3.80, dt, IH; 3.24. dd, 2H; 3.16, m, 2H; 2.84, m, 2H; 2.56 - 
2.77, m, 3H; 2.05 - 2.13, m, 5H; 2.00, s, 3H; 1.93, m, 2H; 1.69, m. 6H; 1.55, m. IH; 
7860 1.09 - 1.32, m, 4H; 0.94, m, 2H. MS (ESI+): 585 (MH+): (ESI-): 583 (M-H). Calc'd 
for C32H4oN204S2»0.30 H2O; C 65.12; H 7.62; N 4.75; Found: C 65.14; H 7.72; N 
4.60. 





7855 



Example 1 1 1 IF 

Ar-f4-f3(R'>-cvclohexvlmet hoxvmethvlthiomorpholin-4-vlmethvn-2-(2- 
methvlphenvnbenzovllmethionine 
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7865 



7870 




SMe 



N CO2H 
H 



Example 1114 

N44-(2(SVcvclQhexvlmethoxvmethvlazetidm-l -vlniethvn-2-f2- 
methylphenvnbenzoyllmethionine 



0 



NBOC 



Example 1 \ 14A 
N-NButoxvcarbonvl-2(SVhvdroxvm ethvlazetidine 
Azetidine-2-carboxylic acid (1.25 g, 12.4 mmol) was dissolved in 10 mL of 2M 
aqueous sodium carbonate and a solution of di-tert-butyldicarbonate in 10 mL of THF was 

7875 added and the mixture was stirred overnight. The mixture was diluted with water and ether 
and the layers were separated. The ether layer was washed with water and pH of the 
combined aqueous phases adjusted to - 2 with phosphoric acid. The mixture was extracted 
with 4 portions of 20% isopropanol/chloroform and the combined organic phases were 
dried, filtered and concentrated. The residue was dissolved in 15 mL of THF and cooled in 

7880 an ice bath. The solution was treated with 25 mL of borane in THF ( IM, 25 mmol) and 
stirring was continued for 1 hour. The ice bath was removed and the solution stirred for 2 
hours and then quenched by the careful addition of 25 mL of 4: 1 THF/water. The mixture 
was stirred for 15 minutes, carefully treated with 25 mL of IN aqueous HCl, and diluted 
with ethyl acetate. The layers wre separated and the aqueous layer extracted with 2 additional 

7885 portions of ethyl acetate. The combined organic fractions were washed with 2M aqueous 

sodium carbonate, water, brine, and dried, filtered and concentrated to provide 2.18 g (94%) 
of the title compound. MS (DCI, NH3): 188 (MH+). 



0-0 



^NBOC 



7890 Example 1 1 14B 
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^-f.p ^i tnxvcarbonvl -2fSVbenzvlnyvmftthv|a7.etidine 
Following the procedure of example i I09F, example 1 1 i4A (0.94 g, 5 mmol) was 
converted to the crude product. The crude residue was purified by chromatography on silica 
gel (50 g, 20% ethyl acetate/hexanes) to provide 0.44 g, (32%) of the title compound. MS 
7895 (DCI, NH3): 278 (MH+). 



0 



NBOC 



Fxam ple 1 1 14C 
N-t-Butoxycarbonyl-2(SVcyclhexylmethyloxymethylazetidine 
7900 Following the procedure described in example 1 109G, example 1 1 14B (0.43 g. 1 .56 

mmol) provided 0.42 g, (95%) of the title compound. MS (DCI, NH3): 284 (MH+). 



^N«HC1 



Example 1 1 14D 

7905 2rSVcvclhexvlmethvloxvme thvlazetidine. hvdrochloride salt 

Following the procedure described in example 1 106C, example 1 1 14C (0.42 g, 1.48 
mmol) was converted to 0.32 g (100%) of the title compound. MS (DCI, NH3): 184 
(MH+). 



SMe 




C02Me 



7910 

Example 1114E 

?/-r4-f2(SVcvclohexvhnethoxvmethvlazetidin-l-vlmethvlV2-('2- 
methvlphenvnbenzovllmethionine. me thvl ester 
Following the procedure described in example 1 106D, part 1, example 1 1 14D (220 
7915 mg, 1 .0 mmol) provided 145 mg (53%) of the title compound. MS (ESI+): 553 (MH+): 
(ESI-): 551 (M-H). 
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Example 1 1 14F 

7920 N-r4-f IfSVcyclohexvlmethoxvmethylazetidin- 1 -ylmethvl')-2-f 2- 

methylphenvnbenzoyntnethionine 
Following the procedure of example 1 104D, example 1 14E (100 mg, 0.18 mmol) 
provided 92 mg (95%) of the title compound, 'h nmr (300 MHz., dmso d6): 5 8. 10, bd, 
IH; 7.47, d, IH; 7.33, d, IH; 7.20, m, 2H; 7.11, m, 3H; 4.21, m, IH; 3.83, d, IH; 3.54, 
7925 d. IH; envelope 3.07 - 3.48. m. 4H; 2.84, m, IH; 1.98 - 2.22, m, 5H; 1.97, s. 3H; 

envelope, 0.77 - 1.95, 17H. MS (ESI+): 539 (MH+): (ESI-): 537 (M-H). Calc'd for 
C3,H42N2O4S«0.90 H2O; C 67.09; H 7.96; N 5.05; Found: C 67.09; H 7.84; N 5.00. 



7930 




Example UH5 

A^-r4-f2fSVr3.5-difluoroph enoxv')methvlpvrrolidin-l-vlmethvn-2-(2- 
methvlphenvnbenzovllmethionine 



F 



7935 




Example 1115A 
N-t-Butoxvcarbonvl-2fSVG.5-difluorophenoxv'>pvrrolidine 
A solution of N-t-butoxycarbonyl-2-hydroxymethylpyrrolidine (0.40 g, 2.00 
mmol), triphenylphosphine (1.05 g, 4.00 mmol), and 3,5-diflurorophenol (0.52 g, 4.00 
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7940 



7945 



7950 



mmol) in 5 inL of l,2-(iichloroethane was cooled in an ice bath and treated with a solution 
of diethylazodicart)oxyiate (0.63 mL, 4.00 mmol) in 3 mL of toluene. The cooling bath was 
removed and the solution was stirred for 70 hours at ambient temperature. The mixture was 
diluted with ether and extracted with 4N aqueous sodium hydroxide, dried, filtered and 
concentrated. The residue was purified by column chromatography on silica gel (30 g, 10% 
ethyl acetate/hexanes) provided 0.49 g, (80%) of the title compound. MS (DCI, NH3): 3 14 
(MH+). 



Example 111 5B 
': >(?;vn.5-difluorophenoxv'>ovrrolidine. hvdro chloride salt 
Following the procedure of example 1 106C, example 1 1 15A (0.48 g, 1 .53 mmol) 
was provided 0.35 g (91%) of the title compound. MS (DCI, NH3): 214 (MH+); 231 
(M+NH4)+. 



A/-f4-r2rSVf3.5-diflnnrnphenoxv ^methvlpvrrolidin-l-vlmethvl)-2-(2- 
methvlphenynbe nzovllmethinnine. methvl ester 
Following the procedure of example 1 106C, part 1, example 1 1 15B (0. 19 g, 0.75 
mmol) provided 0.22 g (76%) of the title compound. MS (ESI+): 583 (MH+): (ESI-): 
581 (M-H). 




7955 




Example 1115C 
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Example 111, 

7965 yV-r4-f2fS1-f3 , ^-rltfliinrophenoxv^methvlpvrrnlidin-l- vlmethvn-2-f2- 

n[^(^thvlphenvnbenzovnmethionine 
Following the procedure of example 1 104D, example 1 1 15C (0.21 g, 0.36 mmol) 
provided the title compound, nmr (300 MHz., CD3OD): 5 7.69, d, IH; 7.53, dd, IH; 
7.33, m, IH; 7.05 - 7.29, m, 4H; 6,48 - 6,62, m, 3H; 4.48, m, IH; 4.34, m, IH; 4.12, m. 
7970 3H; 3.65, m, IH; 3.31. m, IH; 2.96, m, IH; envelope 1.82 - 2.41. 13H; 1.68, m, IH. MS 
(ESI+): 569 (MH+): (ESI-): 567 (M-H). Calc'd for C3,H34F2N2O4S»0.35 HjO; C 64.76; 
H 6.08; N 4.87; Found: C 64.72; H 5.97; N 4.75. 



7975 




Example 1116 

yV-r4-f2(SVcv clohexvloxvmethvlpvrrolidin- 1 -vlmethvn-2-(2- 
methylphenynbenzovllmethionine 



7980 




Example 1 1 16A 
N-t-Butoxycarbonvl-2(SVphenoxvmethvlpvrrolidine 
Following the procedure of example 1 1 15 A, N-t-butoxycarbonyl-2- 
hydroxymethylpyrrolidine (0.80 g, 4.00 mmol) and phenol (1.13 g. 12.00 mmol) provided 
7985 0.99 g (89%) of the title compound. MS (DCI, NH3): 278 (MH+). 




Example 1 1 16B 
N-t-Butoxycarbonvl-2(SVcyclohexyloxymethvlpvrrolidine 
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7990 Following the procedure of example 1 109G, example 11 1 6A (0.56 g. 2.00 mmol) 

provided 0.55 g (96%) of the title compound. MS (DCI, NH3): 284 (MH+). 



8000 



Q9 



NH-HCI 



7995 Example 1116C 

2(SVcvclohp.xvloxvmf i thvlpvrrolid ine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 1 16B (0.54 g, 1.90 mmol) 
provided 0.41g (99%) of the title compound. MS (DCI, NH3): 184 (MH+); 201 
(M+NH4)+. 




SMe 



N COaMe 
H 



B^^an^pl? U16P 
A^-r4-f2fSVcvclohft yvlnxvmethv)pvrrnlidin-l-vlmethvl)-2-(2- 

m&thylphenvDbenzovllmeth ionine. methvl ester 

8005 Following the procedure of example 1 106D, part 1 , example 1 1 1 6C (0.22 g, 1 .00 

mmol) provided 0.22 g (83%) of the title compound. MS (ESI+): 553 (MH+): (ES1-): 

551 (M-H). 



SMe 




N CO2H 



8010 Example 1 1 16E 

/V-r4-r2rS Vcvclohexvloxvmeth vlpvrrolidin- 1 -vlmethvlV2-(2- 
methvlphenvnbenzovllmethionine 
Following the procedure of example 1 104D, example 1 1 16D (0.22 g, 0.40 mmol) 
provided 0.18 g (81%). nmr (300 MHz., dmso d6): 5 8.09, bd, IH; 7.48, d, IH; 7.36, 



-386- 



wo 98/50030 



PCTAJS98/09297 



8015 d. IH; 7.21, m, 2H; 7.13, m, 3H; 4.21. m. 2H; 3.49, d. IH; envelope 3.15 - 3.45. 3H; 

2.84. m, IH; 2.70. m. IH; 2.00 - 2.29, m. 7H; 1.96, s. 3H; 1.34 - 1.94. m. 8H; 1.18. m. 
6H. MS (ESI+): 539 (MH+): (ESI-): 537 (M-H). Calc'd for C3jH42N2O4S'0.50 H2O; C 
67.98; H 7.91; N 5.11; Found: C 67.95; H 7.81; N 5.05. 



8020 



8025 




SMe 



CO2H 



y 

Example 1 1 17 

A^-r4-f2(SVcvclohexvlmethvloxvmethvl-4.4-difluoropyrrolidin-l-vlmethyn-2-(2- 

methylphenyDbenzoynmethionine 

BnO 

^ 

X^NBOC 

Example 1117A 

N-Nbutoxvcarbonvl-2(SVhvdroxymethvl-4fRV benzvlQxvpvrrolidine 
A solution of trans-N-t-butoxycarbonyl-4-benzyloxy-L-proline (3.32 g, 10.3 mmol) 

8030 in 20 mL of THF was cooled in an ice/acetone bath and a solution of borane in THF ( 1 M, 
20.6 mL, 20.6 mmol) was added dropwise. The solution was stirred for 2 hours then the 
cooling bath was removed and the mixture stirred overnight. The reaction was quenched by 
the careful addition of water followed by the addition of 20 mL of IN aqueous HCl and then 
poured into ethyl acetate. The layers were separated and the aqueous layer extracted with 2 

8035 portions of ethyl acetate. The combined organic extracts were 2M aqueous sodium 

carbonate, water and brine, dried, filtered and concentrated to provide 3. 19 g ( 100%) of the 
title compound. MS (DCI, NH3): 308 (MH+), 



BnO 
P \^NBOC 



8040 
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Example 1 1 17B 

N-t-butoxvcarbonvl-2(SVethoxvmethvloxvmethvl-4fR)-hftn7vloxvp vrrolidine 
A solution. of example 1 1 17A (2.14 g, 7.00 mmol) in 15 mL of methylene chloride 
was cooled in an ice bath and treated with diisopropylethylamine (1.87 mL, 10.50 mmol) 
8045 followed by the addition of chloromethylethyl ether (0.97 mL, 10.50 mmol). The cooling 
bath was removed, the mixture stirred for 24 hours and then poured into 100 mL of ethyl 
ether. The organic phase washed with water, aqueous HCl, brine, dried, filtered and 
concentrated to provide 2.32 g (94%) of the title compound. MS (DCI, NH3): 366 (M + 
NH4)+. 



8050 



8060 



y V-NBOc 



Example 11 17C 

N4-butoxvcarbonvl-2(S)-ethoxymethyloxymethyl-4(RVhvdroxypyrrolidine 
A solution of exaomple 1 1 17B (2.29 g, 6.50 nrniol) in 20 mL of degassed methanol 
8055 was treated with Perleman's catalyst (0.40 g) and then the mixture was stirred under a 

balloon of hydrogen gas overnight. The mixture was diluted with ethyl acetate and filtered 
through a plug of silica gel. The silica gel plug was washed well with ethyl acetate and the 
filtrated concentrated to provide 1.77 g (99%) of the title compound. MS (DCI, NH3): 276 
(MH+). 



V6 



BOC 



Example 1 1 17D 

N-t-butoxvcarbonvl-2fSVethoxvmethvlox vmethvl-4-oxopvrrolidine 
A solution of example 1 1 17C (0.99 g. 3.59 mmol) in 20 mL of 10% 
8065 acetonitrile/methylene chloride was treated with powdered, activated 4A molecular sieves ( 1 
g), 4-methylmorpholine-4-oxide (0.63 g, 5,38 nmiol) and the mixture stirred for 30 
minutes. The suspension was treated with tetrapropylammonium perruthenate (0.04g, 0, 1 1 
mmol) and the resulting black mixture stirred for 30 minutes. The mixture was treated with 
- 3 g of celite and diluted with 30 mL of ether and stirred for 20 minutes. The suspension 
8070 was then filtered through a pad of silica gel (which was washed well with ether) and the 
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filtrate conecentrated to provide 0;91 g (93%) of the title compound. MS (DCI, NH3): 274 
(MH+); 291 (M+NH4)+. 



^.JBOC 

8075 Rxample 1117E 

N-t-butoxvcarbonvl-2fSVethoxvmethvloxvmethvl-4.4-difluoropvrrolidine 
A solution of example 1 1 17D (0.90 g, 3.30 mmol) in 20 mL of methylene chloride 
was cooled in an dry ice/acetone bath and treated with DAST (1.80 mL» 13.20 mmol). The 
bath was removed and the mixture stirred for 48 hours, cooled in an ice bath and carefully 

8080 quenched by the addition of 2M aqueous sodium carbonate. The layers were separated and 
the aqueous layer was extracted with 2 additional portions of methylene chloride and the 
combined organic fractions were dried, filtered and concentrate. The residue was purified 
by colunm chromatography on silica gel (40 g, 15% ethyl acetate/hexanes) provided 0.70 g 
(72%) of the title compound. MS (DCI, NH3): 296 (MH+); 313 (M+NH4)+. 

X 

V-NBOC 
J 

8085 HO-^ 

Example U17F 

N-t-butoxvcarbonvl-2fSVhvdroxvmethvM .4-difluoroDvrrolidine 
A solution of example 1 1 17E (0.69 g. 2.30 mmol) in 10 mL of methanol was treated 
with 0.5 mL of concentrated aqueous HCl and the mixture stirred overnight. The yellow 
8090 solution was poured into 2M aqueous sodium carbonate and concentrated to remove the 

methanol. The mixture was diluted with THF and -1 g of di-t-butyldicarbonate was added 
and the mixture stirred for 3 hours and diluted with ethyl ether. The phasees were separated 
and the aqueous phase was extracted with 3 portions of methylene chloride. The combined 
organic phases were dried, filtered and concentrated to provide 0,48 g (88%) of the title 
8095 compound. MS (DCI, NH3): 238 (MH+); 255 (M+NH4)+. 



V-NBOC 



BnO-' 

Example 1 117G 
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N-t-butoxvcarhnnvl- ^(<gV^«'n7.vloxvmethvl-4.4-HiflnoronviTolidine 
8100 Following the procedure of example 1 109F, example 1.1 17G (0.24 g, 1.00 mmol) 

provided 0.26 g (78%) of the title compound. MS (DCI, NH3): 328 (MH+). 




F.xam ple 1 1 17H 

8105 N-t-hutoxvcarbonvl-2fSVcvclnhexvlme.thvloxvme thvl-4.4-difluoroPvrrolidine 

Following the procedure of example 1 109G, example 1 1 17G (0.25 g, 1 . 10 mmol) 
provided 0.22 g (87%) of the title compound. MS (DCI, NH3): 334 (MH+). 



\^NH»HCI 



Example 1 1 171 

8110 2rSVcyclohexvlmethvloxvmethvl-4.4-difluorop vrrolidine. hydrochloride salt 

Following the procedure of example 1 106C, example 1 1 17H (0.22 g, 0.92 mmol) 
provided 0. 17 g (98%) of the title compound. MS (DCI, NH3): 234 (MH+). 




8115 F,?^^n>ple U17J 

/V-f4-(2(SVcvclohexvImethvlnxvmethvl- 4-4-difluoropvrrolidin-l-vlmethvn-2-f2- 
methylphenvl'tbenzovllmethionine. methvl ester 
Following the procedure of example 1 106D, part 1 , example 1 1 171 (0. 16 g, 0.60 
mmol) provided 0. 13 g (43%) of the title compound. MS (ESI+): 603 (MH+): (ESI-): 
8120 601 (M-H). 
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SMe 




CO2H 



o- 

Example 1 1 17K 

A/44-f2fSVcvclohexylmethvloxymethyl-4.4-difluoropyrrolidin-l-ylmethyn-2-(2- 
8125 methylphenynbenzovllmethionine 

Following the procedure of example 1 104D, example 1 1 17J (123 mg, 0.20 mmol) 
provided 116 mg (98%) of the title compound, 'h nmr (300 MHz., CD3OD): 5 7.62, d, 
IH; 7.43, d, IH; 7.13 - 7.32, m, 5H; 4.44, m, IH; 4.26. d, IH; 3.56, d, IH; 3.54, dd, IH; 
3.48, dd, IH; 3.24, m, 2H; 3.10, m, IH; 2.71, m. IH; 2.37, m, IH; 2.03 - 2.25, m, 6H; 
8130 2.00, s, 3H; 1.87 - 2.00, m, IH; 1.68. m. 5H; 1.53. m. IH; 1.18, m. 3H; 0.90, m, 2H. 
MS (ESI+): 589 (MH+): (ESI-): 587 (M-H). Calc'd for C32H42F2N2O4S; C 65.28; H 
7.19; N 4.76; Found: C 64.99; H 7.16; N 4.54. 



SMe 




N CO2H 
H 

y 

8135 

Example 1118 

//-f 4-f2-methoxymethyl-5-benzylpyrrolidin- 1 -ylmethyn-2-f 2- 
methy Ipheny Itbenzoyl] methionine 

V-NH 

8140 TBSO— 

Example 1 1 18A 
5(SVt-butyldimethylsiloxymethyl-2-pyrrolidinone 
A stirred solution of 5(S)-hydroxymethyl-2-pyrrolidinone (5.00 g. 0.043 mol) in 20 
mL of DMF was treated with imidazole (6.81 g, .10 mol) and then t- 
8 145 butyldimethylchlorosilane (7.20 g, 0.047 mol) and the mixture stirred for 2 hours. The thick 
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mixture was diluted with water and extracted with 3 portions of ethyl acetate. The combined 
ethyl acetate layer were washed with water, brine, dried filtered and concentrated to provide 
7.50 g (75%) of the title compound. MS (DCI, NH3): 230 (MH+); 247 (M+NH4)+. 



8150 




Example 1118B 

N-t-butoxycarbQnvl-5(SVt-butvldimethylsiloxymethyl--2-pyrrolidinone 
A stirred solution of example 1 1 ISA (1.65 g, 7.20 mmol) in 5 mL of acetonitrile at rt 
was treated with DMAP (0. 15 g, 1.25 mmol) and ditertbutyldicarbonate (1 .09 g. 7.20 mmol) 
8155 and the mixture stirred at ambient temperature for 48 hours at which time an additional 0.80 g 
of ditertbutyldicarbonate was added. The mixture was stirred an additional 6 hours and then 
diluted with 80 mL of ether and washed with IM aqueous phosphoric acid, water, brine, 
dried filtered and concentrated. The residue was purified by column chromatography on 
silica gel (100 g, 15% ethyl acetate/hexanes) to provide 1.50 g (63%) of the title compound. 
8160 MS(DCI, NH3): 347 (M+NH4)+. 




Example 11 18C 

N-t-butoxvcarbonyl-2(SVhydroxvmethyl-5(SVbenzvlpvrrolidine 
8165 A solution of example 1 1 18C (1.05 g, 3. 17 mmol) in 10 mL of toluene was cooled in 

a dry ice/acetone bath and treated with diisobutylaluminum hydride (3.2 mL of a 1 .5M 
solution in toluene, 4.75 mmol) and the mixture stirred for 1 hour. The dry ice bath was 
replaced with an ice/acetone bath and the mixture stirred for an additional hour and then 
. quenched with the careful addition of methanol (0.25 mL) and stirring continued until the 
8170 evolution of gas ceased. The solution was then treated with IN aqueous HCl and ethyl 

acetate and the mixture stirred until 2 clear phases resulted. The aqueous layer was extracted 
with ethyl acetate and the combined organic fractions were washed with IN HCl, saturated 
sodium bicarbonate, brine, dried, filtered and concentrated. The residue was dissolved in 10 
mL of methylene chloride and cooled in a dry ice/acetone bath and then treated with boron 
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8 1 75 trifluoride etherate (0.41 mL. 3.34 mmol) followed by benzylmagnesium chloride (4 mL of a 
2.0M solution in THF, 8.00 mmol) and the mixture stirred for 1.5 hours and quenched by 
the addition of saturated sodium bicarbonate. The cooling bath was removed and the mixture 
allowed to reach room temperature. The mixture was diluted with ether and extracted with 
water and then 3N aqueous HCl. The combined organic layers were back. extracted with 

8180 ether and the combined organic extracts dried, filtered and concentrated.. The residue was 
diluted with THF (10 mL) and treated with TBAF (10 mL of a l.OM THF solution, 10.0 
mmol) and the mixture stirred overnight. The mixture was diluted with water and extracted 
with 3 portions of ethyl acetate. The combined organic fractions were washed with water, 
brine, dried, filtered and concentrated. The rsidue was purified by column chromatography 

8185 on silica gel (50 g, 30% ethyl acetate/hexanes) to provide 0.15 g (16%) of the title 
compound. MS (DCI, NH3): 292 (MH)+. 




i 

MeO-^ 

Example 11 18D 

8190 N-t-butoxvcarbonvl-2fSVmethoxvmethvl-5-benzvlpvrrolidine 

A solution of example 1 1 18C (224 mg, 0.77 mmol) in I mL of DMF wa treated with 
methyl iodide (96 ^iL, 1.54 mmol) and cooled in an ice bath. The mixture was treated with 
sodium hydride (60%, 62 mg, 1.54 mmol) and after 10 minutes the cooling bath removed 
and stirring continued for 2 hours. The reaction was quenched by the addition of water and 

8195 the the mixture diluted with water and extracted with 3 portions of ethyl ether. The combined 
organic fractions were washed with water, brine, dried filtered and concentrated. The 
residue was purified by colunin chromatography on silica gel (20 g, 20% ethyl 
acetate/hexane) to provide 158 mg (67%) of the title compound. MS (DCI. NH3): 306 
(MH)+. 

8200 




i 

MeO^ 
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RxamplelllSE 
7(S; )-mp.thnxvmet h Yl-'i-henzvlp yrrnlidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 1 18D (152 mg, 0.5 mmol) 
8205 provided 110mg.(91%)ofthetitlecompound. MS(DCI,NH3): 306 (MH)+. 



SMe 



C02Me 



MeO- 

F.y am ple 1118F 
A^-f^-f^-methoxvir ^-th yl-S-henzv lp yrrnlidin- 1 -vlmethvn-2-(2- 
8210 mc.thvl phenvl) hftn7.nynmetbinninp. methvl ester 

Following the procedure of example 1 106D, part I. example 1 1 18E (106 mg. 0.44 
mmol) provided 95 mg (41%) of the title compound. MS (ESI+): 575 (MH+): (ESI-): 573 

(M-H). 

SMe 



CO2H 





8215 



MeO" 

Fxam pleniSG 
/^/-[4.r9.mp.thoxvme t hvl.5-henzvlDvrrolidin-l-ylmethvl)-2-(2- 

methvlphepyl'>henzovllt nethionine 
Following the procedure of example 1105D. example 11 18F (88 mg. 0.15 mmol) 
8220 provided 50 mg (60%) of the title compound. 'Hnmr(300MHz..dmsod6): 58.11, d. 

IH; 7.48. m, 2H; 7.19, m. 8H; 7.03. d. 2H; 4.22. m. IH; 4.08. d, IH; 3.93, d. IH; 3.22, 
s, 3H; 3.09. m, 2H; 2.94. dd. IH; 2.37. dd. IH; 1.99 - .22. m, 4H; 1.97, s, 3H; 1.78, bm. 
2H; 1.56, m, 2H; 1.42. m, 2H. MS (ESI+): 561 (MH+): (ESI-): 559 (M-H). Calc'd for 
C33H4oN204S»0.43 H2O; C 69.72; H 7.24; N 4.93; Found: C 69.72; H 7. 1 1; N 4.78. 



8225. 
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SMe 



CO2H 



8230 



Fxamplelll9 

A^-f4-f2-cvclohexvlmethox vmethvlpviTolidin-l-vlmethvI)-2-(2- 
methvlpbenylthenzoy nmethionine 




NBOC 



F.xam ple 1 1 19A 
^M-t-Riitnxvcarhonvl- 2fRVbenz vloxvmethvlDvrrolidinc 
Following the procedure of example 1 109F, N-t-butoxycarbonyl-2(R)- 
hydroxymethylpyrrolidine (1.06 g, 5.00 mmol) provided 1.20 g (82%) of the title 
compound. MS (DCI. NH3): 292 (MH)+ 



Fxam plelll9B 

N-t-Butoxvcarhonvl-2fRVcvclohexvlm e.thnxvmethvlpvrrolidine 
Following the procedure of example 1 109G, example 1 1 19A (0.60 g, 2.06 mmol) 
provided 0.59 g (97%) of the title compound. MS (DCI, NH3): 298 (MH)+. 



Example 1119C 
irRWvclnhexvlmethoxvmethvlpvr rnlidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 1 19B (573 mg, 1 .93 mmol) 
provided 467 mg (100%) of the title compound. MS (DCI, NH3): 198 (MH)+. 




8245 
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8250 




Kxample 1119D 
A^-f4-f 2-cvclnhexvlmethoxvmethvlDvrr olidin- 1 -vlmethvn-2-(2- 
methvlphenv nhftnzovnmethinnine. methvl ester 
Following the procedure of example 1 106C, example 1 1 19C (175 mg, 0.75 mmol) 
provided 181 mg (64%) of the title compound. MS (ESI+): 567 (MH+): (ESI-): 565 (M- 
H). 




8260 Example 1U9E 

A^-r4-(2-cvclohexvlmethoxvmethvlpvrrn lidin- 1 -vlmethvl')-2-(2- 
methylphenvnbenzoynmethionine 
Following the procedure of example 1 104D, example 1 1 19D (174 mg, 0.3 1 mmol) 
provided 163 mg (95%) of the title compound., nmr (300 MHz., dmso d6): 5 8.10, d, 
8265 IH; 7.47. d. IH; 7.36, d, IH; 7.20, m, 2H; 7.11. m, 3H; 4.21, m, IH; 4.17, d. IH; 3.48, 
d. IH; 3.18, m. 2H; 2.85. m, IH; 2.76,m. IH; 1.98 - 2.30, m. 7H; 1.97, s, 3H; 1.70 - 
1.90. m. 3H; 1.62. m, 7H; 1.49. m. 2H; 1.10. m. 4H; 0.88. m. 2H. MS (ESI+): 553 
(MH+): (ESI-): 551 (M-H). Calc'd for C32H44N2O4S»0.50 H2O; C 68.42; H 8.07; N 
4.99; Found: C 68.47; H 7.82; N 4.77. 

8270 
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N CO2H 
H 

Example 1 120 

A/-[4-r2-benzvloxvmethvl-4-methoxvpv rrolidin-l-vlmethvn-2-(2- 
8275 " methvlphenyllbenzovllmethionine 



Example 1120A 

N-t-Butoxycaibonvl-2fSVethoxymethvloxvmethvl-4(R'>-methoxvpyrrolidine 
8280 Following the procedure of example 1 1 18D. example 1 1 17C (0.76g, 2.76 mmol) 

provided 0.64 g (80%) of the title compound. MS (DCI, NH3): 290 (MH)+. 



MeO'"-< '^^^ 



Example 1 120B 

8285 N-t-Butoxvcarbonvl-2fSVhvdroxvmethvl-4(RVme thoxvpvrrolidine 

Following the procedure of example 1 1 17F, example 1 120A (0.64g, 2.2 1 mmol) 
provided 0.39 g (77%) of the title compound. MS(DCI,NH3): 232 (MH)+. 



8290 Example 1 i20C 

N-t-Butoxvcarbonvl-2fSVBenzvloxvmethvl-4('RVme thoxvpvrrolidine 
Following the procedure of example 1 109F, example 1120B (0.39 g, 1.68 mmol) 
provided 0.42 g (78%) of the title compound. MS(DCI,NH3): 332 (MH)+. 



V-NH-HCI 



MeO"-< 

8295 

Example 1120D 

2(SVBenzyloxymethyl-4fRVmethoxvpyrrolidine. hydrochloride salt 
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8300 



Following the procedure of example 1106C, example 1120C(0.41 g, 1.28 mmol) 
provided 0.32 g (97%) of the title compound. MS (DCI. NH3): 232 (MH)+. 




SMe 



N COaMe 
H 

Example 1120E 

A/-f4-('2-benzyloxymethyl-4-methoxypyrrolidin- 1 -ylmethvlV2-f 2- 
methylphenvllbenzovllmethionine. methyl ester 
8305 Following the procedure of example 1 106D, part 1 , example 1 120D (0.26 g, 1 .00 

mmol) provided 0.21 g (70%) of the title compound. MS (ESI+): 591 (MH+): (ES1-): 589 
(M-H). 

SMe 



CO2H 



8310 Example 1120F 

A^-r4-('2-benzyloxymethyl-4-methoxypyrrolidin-l-vlmethyl)-2-(2- 
methylphenynbenzovllmethionine 
Following the procedure of example 1 104D, example 1 120E (197 mg, 0.33 mmol) 
provided 163 mg (86%) of the title compound, 'h nmr (300 MHz., dmso d6): 5 8. 12, d, 
8315 IH; 7.48, d, IH; 7.36, dd, IH; 7.27, m, 5H; 7.20, m, 2H; 7.13, m, 3H; 4.48, s, 2H; 4.21, 
m, 2H; 3.82, m, IH; 3.53, m, 2H; 3.42, m, 2H; 3.14, s, 3H; 1.99 - 2.30, m, 6H; 1.96, s, 
3H; 1.64 - 1.90, m, 4H. MS (ESI+): 577 (MH+): (ESI-): 575 (M-H). Calc'd for 
C33H4oN205S»0.55 H2O; C 67.56; H 7.06; N 4.77; Found: C 67.56; H 7.02; N 4.80. 




8320 




Example 1121 
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/V44-f2-benzvlQ ?c vmethvl-4-methoxvpvrrolidin-l-vlrn ethvn-2-(2- 
mp.th ylplienvnbenzovnmethionine 

8325 

XOaMe 

MeO" 



IBOC 

F.xam ple 1121 A 
N-t-Butoxvcarhonvl-4(SVmethvoxv-L -proline. methyl ester 
Following the procedure of example 1 1 18D, N-t-butoxycarbonyl-4(S)-hydroxy-L- 
8330 proline, methyl ester ( 1 .22 g. 5.00 mmol) provided 1 .04 g (80%) of the title compound. 
MS (DCI, NH3): 260 (MH+); 277 (M+NH4)+. 



Example 112 IB 

8335 N-t-Butoxvcarhonvl-2(S')-hvdroxvmethvl-4fSVmeth voxvpvrrolidine 

Following the procedure of example 1 109E, example 1 121A (1.03 g. 3.97 mmol) 
provided 0.83 g (90%) of the title compound. MS (DCI, NH3): 232 (MH+). 



8340 Example 1121C 

N-t-Butoxvcarbonvl-2fSVben7.vloxvmethv l-4fS^-methvoxvDvrrolidine 
Following the procedure of example 1 109F, example 1 12 IB (0.41 g, 1.78 mmol) 
provided 0.46 g (80%) of the title compound. MS (DCI, NH3): 322 (MH+). 



\^NH«HC1 



MeO" 

8345 

Example 1 121D 

9Y.SVhen7vloxvmethvl-4(SVmethvoxvpvrro lidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 121C (228 mg, 0.7 1 mmol) 
provided 183 mg (100%) of the title compound. MS (DCI, NH3): 222 (MH+). 

8350 



-399- 



wo 98/50030 



PCT/US98/09297 




Exam ple 112 IE 

iV-f4-r2-benzvloxymethvl-4-niethoxvpyrrolidin-l -ylmethvlV2-(2- 
methvlphenvllbenzovnmethionine. methyl ester 
8355 Following the procedure of example 1 106D, part 1, example 1 121D ( 178 mg. 0.69 

mmol) provided 210 mg (71%) of the title compound. MS (ESI+): 591 (MH+): (ESI-): 
589 (M-H). 




8360 " Example 1 12 IF 

A^-r4-f2-benzvloxvmethvl-4-m ethoxvpvrrolidin-1-vlmethvlV2-(2- 
methvlphenynhenzovllmethionine 
Following the procedure used in example 1 104D, example 1 12 IE (204 mg, 0.34 
mmol) provided 195 mg (99%) of thetitle comppound. *H nmr (300 MHz., dmso d6): 5 
8365 8.08, d, IH; 7.45, d, IH; 7.33, d, IH; 7.28, m, 5H; 7.21, m, 2H; 7.14, m, 3H; 4.49, s, 
2H; 4.22, m, IH; 4.18, m. IH; 3.79, m, IH; 3.56, dd, IH; 3.43, dd, IH; 3.09, s, 3H; 
2.90, d, IH; 2.75, m, IH; envelope 1.99 - 2.35, IIH; 1.97, s, 3H; 1.78, bm. 2H; 1.51, 
ddd, IH. MS (ESI+): 577 (MH+): (ESI-): 575 (M-H). Calc'd for C33H4oN205S»0.45 
H2O; C 67.77; H 7.05; N 4.79; Found: C 67.80; H 6.93; N 4.62. 

8370 
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8375 



Example 1 122 

N-r4-(2-cvclohexvloxvmethvl-5-propvlpvrrolidin-l-vlmethvn-2-f2- 
methvlphenynbenzovUmethionine 




TBSO 



8380 



X^NBOC 
HO 

Example 11 22 A 

N-t-Butoxycarbonyl-2(R,SVhydroxy-5(SVt'butyldimethvlsiloxymethy 

Example 1 1 18B (3. 10 g. 9.36 mmol) was dissolved in 20 mL of toluene and cooled 



in a dry ice/acetone bath. The cold solution was treated with diisobutylaluminum hydride 
(9.4 mL of a 1.5M toluene solution, 14.0 mmol), the dry ice bath was removed and the 
mixture stirred for 2 hours. The mixture was cooled in an ice/acetone bath and quenched by 
the careful addition of 10 mL of a 10% methanol/toluene solution. After the ceasation of 

8385 bubbling, the mixture was treated with 75 mL of IN aqueous HCl and 100 mL of ether and 
vigorously stirred for 30 minutes and poured into a separatory funnel. The layers were 
separated and the aqueous layer was extracted with 2 portions of ether and the combined 
organic fractions were washed with IN HCl, water and brine, dried, filtered and 
concentrated to provide 2.93 g (94%) of the title compound. MS (DCI, NH3): 332 (MH+); 

8390 314 (M+NH4)+"H20. 




NBOC 



Example 1122B 
N-t-Butoxycarbonyl-5(SVallyl-2fSVhvdroxymethvlpvrrolidine 
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8395 



8400 



8405 



8410 



8415 



A solution of example 1 122A (663 mg, 2 mmol) and allyltrimethylsilane (1.2 mL, 8 
mmol) in 12 niL methylene chloride was cooled in a dry ice/acetope bath and treated with 
boron trifluoride etherate (0.49 mL, 4.00 mmol) dropwise. The solution was stirred for 30 
minutes and then the dry ice bath was replaced with an ice/acetone bath and the mixture 
stirred an additional 30 minutes and quenched by the addtion of 2M sodium carbonate. The 
mixture was diluted with water and methylene chloride and the layers separated. The 
aqueous phase was extracted with 2 additional portions of methylene chloride and the 
combined organic fractions were dried, filtered and concentrated. The residue was dissolved 
in 4 mL of THF and treated with TBAF (4 mL of a l.OM THF solution, 4 mmol) and the 
mixture stirred overnight. The reaction was partitioned between water and 3 portions of 
ethyl acetate. The combined organic extracts were washed with water, brine, dried, filtered 
and concentrated. The residue was purified by column chromatography on silica gel (25 g, 
30% ethyl acetate/hexanes) to provide 227 mg (47%) of the title compound. MS (DCI, 
NH3): 242 (MH+). 



Example 1122c 

N-t-Butoxvcarbonyl-5fSVallyl-2fSVbe nzvlQXvmethvlpvrrolidine 
Following the procedure of example 1 109F, example 1 122B (223 mg, 0.92 mmol) 
provided 250 mg (82%) of the title compound. (DCI, NH3): 332 (MH+). 



E?camplell22D 

N-t-Butoxvcarbonvl-5(RVpropvl-2fS)-cvclohexvlmethvloxvmethvlpvrrolidine 
Following the procedure of example 1 109G, example 1 122C (245 mg, 0.74 mmol) 
provided 246 mg (100%) of the title compound. (DCI, NH3): 340 (MH+). 
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Example 1 122E . 

5(R)-propyl-2(S')-cyclohexylmethyloxvmethvlpyrrolidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 122D (245 mg, 0.74 mmol) 
provided 204 mg (100%) of the title compound. (DCI. NH3): 240 (MH+). 



A^-r4-(2(SVcyclohexylmethyloxymethyl-5(R')-propylpyrrolidin-l-ylmethyn-2-f2- 
methvlphenvnbenzoyllmethi onine. methvl ester 
Following the procedure of example 1 106D, part 1, example 1 122E (204 mg, 0.74 
mmol) provided 1 10 mg (36%) of the title compound. MS (ESI+): 609 (MH+): (ES1-): 
607 (M-H). 



i 




C02Me 



Example 1122F 




Example 1122G 
A^44-f2-cyclohexylQxymethyl-5-propylpyrrolidin-l-ylmethylV2 
methylphenynbenzovllmethionine 
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8440 Following the procedure of example 1 104D, example 1 122F (104 mg. 0. 17 mmol) 

provided 87 mg (86%) of the title compound. H nmr (300 MHz., dmso d6): 6 8.04. d. 
IH; 7.46. d, IH; 7.35, d, IH; 7.20, m, 2H; 7. 13, m, 3H; 4.22, m, IH; 3.83. dd. 2H; 3.08, 
m, 2H; 3.04, d, 2H; 2.88. pentet, IH; 2.63. m. IH; 1.99 - 2.24, m. 6H; 1.96, s. 3H; 1.77. 
bm, 4H; 1.59. m. 6H; envelope 1.00 - 1.55. I IH; 0.81, m, 5H. MS (ESI+): 595 (MH+): 

8445 (ESI-): 593 (M-H). Calc'd for C35H5oN204S«0.55 HjO; C 69.51; H 8.52; N 4.63; 
Found: C 69.54; H 8.32; N 4.58. 




SMe 



N CO2H 
MeO— < ' H 

8450 Example 1 123 

A^-[4-(2fSVcvclohexylmethoxymethyl-4('RVmethoxvpyrrolidin-l-vlmethyn-2-(2- 

methylphenynbenzoyllmethionine 



MeO—/ I ° 
V'NBOC 



8455 Example 1 123A 

N-t-Butoxvcarbonvl-2(SWvclohexvmethvloxvmethvl-4(SVm ethvoxvpvrrolidine 
Following the procedure of example 1 109G, example 1 1 12C (227 mg, 0.71 mmol) 
provided 232 (100%) of the title compound. (DCI, NH3): 328 (MH+). 



V-NH»HC1 



Me( 

8460 

Example 1123B 

2(SVcyclohexvmethyloxymethyl-4(SVmethyoxypyrrolidine. hydrochloride salt 
Following the procedure of example 1 106C. example 1 123 A (232 mg. 0.71 mmol) 
provided 187 mg (100%) of the title compound. (DCI, NH3): 228 (MH+). 

8465 
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Example 1 123C 

N-f4-(2fS)-cyclohexvlrnethoxvmethyl-4('R'l-methoxvpyiTolidin-l-vlmethvl')-2-(2- 
methylphenyDbenzoyllmethionine. methyl ester 
8470 Following the procedure of example 1 106D, part 1, example 1 123B (181 mg, 0.69 

mmol) provided 196 mg (66%) of the title compound. MS (ESI+): 597 (MH+): (ESI-): 
595 (M-H). 




8475 Example 11230 

yV-r4-f2fSVcvclohexvlmethoxvmethvl-4fRVmethox vpvrrolidin-l-vlmethvn-2-(2- 

methylphenv nbenzovll methionine 
Following the procedure of example 1 104D, example 1 123C ( 190 mg, 0.32 mmol) 
provided 174 mg (93%) of the title compound, 'h nmr (300 MHz., dmso d6): 5 8. 12, d, 
8480 IH; 7.46, d, IH; 7.35. dd, IH; 7.19. m. 2H; 7.13, m, 3H; 4.18, m, 2H; 3.78, m, IH; 

3.45, dd. IH; 3.29. d. IH; 3.17, dd, IH; 3.15, dd, IH; 3.08, s. 3H; 2.89. bd, IH; 2.72, 
m. IH; 2.29, m. IH; envelope 1.97 - 2.25. 6H; 1.96. s, 3H; 1.77. bm, 2H; 1.62. m, 5H; 
1.47, m. 2H; 1.12, m. 3H; 0.86, bq. 2H. MS (ESI+): 583 (MH+): (ESI-): 581 (M-H). 
Calc'd for C33H46N2O5SH2O; C 68.01; H 7.96; N 4.81; Found: C 67.96; H 7.96; N 
8485 4.81. 
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Example 1124 

8490 A^-r4-f3<vclohexylmethoxy-2-methoxymethvlpvrrolidin-l-ylmethyl)-2-(2- 

methvlphenynbenzoynmethionine 




Example 11 24 A 

8495 N-t-Butoxvcarbonvl-2fSVmethoxvmet hvl-4(SVbenzvlQxvpvrrolidine 

Following the prodedure of example 1 1 18D, example 1 1 17 A (922 mg, 3.00 mmol) 
provided 0.64 g (67%) of the title compound. (DCI, NH3): 322 (MH+). 




8500 Example 1124B 

N-t-Butoxvcarbonvl-2('S')-methoxvmethyl-4fSVcvclohexvlmethvloxvpvrrolidine 
Following the procedure of example 1 109G, example 1 124A (0.63 g, 1 .96 mmol) 
provided o.63 g (99%) of the title compound. (DCI. NH3): 328 (MH+). 



8505 




Example II 24C 

2(S)-methoxymethvl-4(S')-cyclohexvlmethvloxypyrrolidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 124B (627 mg, 1.91 mmol) 
provided 51 1 mg (101%) of the title compound. (DCI, NH3): 228 (MH+). 

8510 
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Example 1 124D 

A^-f4-(3-cyclohexyimethoxy-2-methoxvmethylpyrrolidin-l-yltnethyn-2-(2- 
methylphenynbenzoynmethionine. methyl ester 
8515 Following the procedure of example 1 106D, part 1, example 1 124C (264 mg, 1.50 

mmol) provided 209 mg (70%) of the title compound. MS (ESI+): 597 (MH+): (ESI-): 
595 (M-H). 




8520 Example 1124E 

Ar-f4-n-cvclohexvlmethoxv-2-methoxvmethvlpvrrolidin-l-vlmethvn-2-(2- 
methyiphenyl'ibenzovnmethionine 
Following the procedure of example 1104D, example 1 124D (197 mg, 0.33 mmol) 
provided 176 mg (92%) of the title compound, 'h nmr (300 MHz., dmso d6): 5 8. 14, d, 
8525 IH; 7.47, d, IH; 7.38, d, IH; 7.22, m, 2H; 7.13. m, 3H; 4.23, m, IH; 4.13. bd, IH; 3.87, 
m, IH; 3.55, bm, IH; 3.42, dd, 2H; 3.27, dd, IH; 3.23, s, 3H; 3.11, dd, IH; ; envelope 
1.98 - 2.24, 6H; 1.96, s, 3H; envelope 1.55 - 1.93, 8H; 1.43, bm, IH; 1.12 - 1.30, m, 4H; 
0.86. bq,2H. MS (ESI+): 583 (MH+): (ESI-): 581 (M-H). Calc'd for 
C33H46N2OsS»0.50 H2O; C 66.97; H 8.00; N 4.73; Found: C 67.04; H 7.97; N 4.5 1 . 

8530 
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F.xample 1 125 

A/- r4-r9-pip^ridin-l-vlme-thvlpviToHdin -1-vlmethvlV2-r2-methvinhenvnhen^ovl1methio 

8535 

^^BOC 
( 

OSOaFh 

F.xample 11 25A 
N-t-Butoxvcarhonvl-2fSVphenvlsulfo nvloxvmethvlDvrrolidine 
A solution of N-t-Butoxycarbonyl-2(S)-hydroxymethylpyrrolidine (2.01 g, 10.00 
8540 mmol) and triethyi amine ( 1 .70 mL, 12.00 nunol) in 10 mL of methylene chloride was 

cooled in an ice bath and treated with benzenesulfonylchloride (1.96 g, 1 1.00 mmol) and the 
mixture placed in a refridgerator overnight. The mixture was allowed to reach room 
temperaure and partioned between ethyl ether and water. The aqueous phase was extracted 
with ether and the combined organic layers washed with water IN HCl, saturated sodium 
8545 bicarbonate, brine, dried, filtered and concentrated. The residue was purified by column 

chromatography on silica gel (120 g, 25% ethyl acetate/hexanes) to provide 2.82 g (83%) of 
the title compound. MS (DCI, NH3): 359 (M+NH4)+. 

Onboc 

8SS0 Example 1 125B 

N-t-ButQxvcflrhnnvl-2fSVp iperidinvlmethvlPvrrolidine 
Example 1 125B (341 mg, 1.00 mmol) was dissolved in 1 mL of piperidine and the 
mixture heated in a screw-cap vial to 100°C for 16 hours. The mixture was cooled to room 
temperature and concentrated. The residue was partitioned between water and 3 portions ol 
8555 ethyl acetate. The combined organic layers were washed with water, brine, dried filtered 
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and concentrated to provide 234 mg (87%) of the title compound. (DCI, NH3): 269 
(MH+). 



O 



OnH» 2 HCI 



g560 Rxam ple 1 125C 

2rSVpiperidinylmethvlpv rrnlidine. methvl ester 
Using the procedure of example 1 106C, example 1 125C (230 mg. 0.85 mmol) 
provided 195 mg (100%) of the title compound. (DCI, NH3): 159 (MH+). 




SMe 



N COaMe 
H 



8565 

Example 1 125D 

A/-f4-r2-piperidin-l-vlmethvlpvrro)idin.l-vlmeth v lV2-f2-methvlphenvnbenzovl1methionine. 

methvl ester 

Using the procedure described in example 1 106D, part 1, example 1 125C ( 195 mg, 
8570 0.86 mmol) provided 206 mg (77%) of the title compound. MS (ESI+): 538 (MH+); (ESl- 
): 536 (M-H). 

SMe 



N CO2H 
H 




Rxam ple 1125E 

8575 jV-r4-f2-piperidin-l-vlmethvlpvrrnndin-l-vlmethvn-2-f2-methvlphenvnben7.ovn methionine 
Following the procedure of example 1 104D, example 1 125D (195 mg, 0.36 mmol) 
provided 1 17 mg of the title compound. niiu- (300 MHz., dmso d6): 5 8.12, d. IH; 
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7.51. d. IH; 7.43, d. IH; 7.21. m. 2H; 7.14, m, 3H; 4.22, m, 2H; 3.55. d, IH; 3.06. m. 
IH- 2.90. m. 6H; 2.75. m, IH; 2.41. m. IH; 1.97 - 2.24, m, 6H; 1.96, s, 3H; 1.74, bm. 
4H- 1.62. m,4H; 1.45, m,2H. MS (ESI+): 524 (MH+): (ESI-): 522 (M-H). Calc'dfoi 
C3oH4,N303S.0.65 H2O.I.OO TFA; C 59.50; H 6.77; N 6.71; Found: C 60.10; H 6.89; 

N 6.46. 



8585 



8590 



8595 




SMe 



CO2H 



F.xample 1 126 

A;-r4-(2-morpholin-^-vlmP.thvlnViT o liHinJ-vlmethvlV?-r?,-mmhvlnhenvl)^ ^ ^ 

Prepared according to the procedure of example 1 125 by substituting morpholine for 
piperidine in example 1125B. 'h nmr (300 MHz., dmso d6): 5 8.17. d. IH; 7.53. d, IH; 
7.48, d, IH; 7.28, m. IH; 7.23. m, 2H; 7.15, m, 2H; 4.39, d, IH; 4.23, m, IH; envelope 
3.00 - 3.90, 5H; 2.58. m, IH; 2.51, m, 3H; 2.42. m. 4H; 1.97 - 2.24, m, 6H; 1.96, s. 3H; 
1.79, bm, 3H; 1.62. m, IH. MS (ESI+): 524 (MH+): (ESI-): 526 (M-H). Calc'd for 
C29H39N3O4S.O.65 H2O.O.55 TFA; C 60.24; H 6.86; N 7.00; Found: C 60.26; H 6.94; 

N 6.87. 



SMe 



CO2H 



Example 1127 

/V-r4-r2-fA^-pvHnhexv1-A^-r nf'thvlamino^mp.thvlnvrrolidin-1-VlmgthYlV2-(2- 
8600 methvlphenv Ohpnynynmethionine 

Prepared according to the procedure of example 1 125 by substituting N- 
methylcyclohexyamine for piperidine in example 1 125B. 'h nmr (300 MHz., dmso d6): 5 
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8.00. d. IH; 7.49, d, IH; 7.40. d, IH; 7.20, m, 3H; 7.13. m, 2H; 4.22, m. IH; 4.18. d. 
IH; 3.47. d, IH; envelope 2.60 - 2.95. 3H; 2.50. s, 3H; 2.42. s. 2H; 2.33. m. 1 H; 
8605 envelope 1.90 -2.22. 6H; 1.96. s, 3H; 1.75, bnfi, 6H; 1.56, m, 2H; envelope 0.95 - 1.35, 
6H. MS (ESI+): 552 (MH+): (ESI-): 550 (M-H). Calc'd for C32H45N3O3S»0.75 
H2O«0.50 TFA; C 63.69; H 7.61 ; N 6.75; Found: C 63.69; H 7.66; N 6.67. 



8610 



8615 




SMe 



C02H 



Example 1130 

A^-r4-(3-cvcl ohexvloxvmethvlisoxa2olidln-2-vimethvn-2-r2- 
methvlphenvnbenzovllmethionine 



HO 
HCI'NH 




COaMe 



Example li30A 

4-N-Hvdroxvaminomethvl-2-(2-methylphenvl')benzoic acid, methvl ester 
A solution of example 1 178D (1.76 g (5.50 nunol) and N,0-bis-t- 
butoxoycarbonylhydroxylamine (1.09 g, 5.00 mmol) in 10 mL of DMF were cooled in an 

8620 ice bath and treated with sodium hydride (60%, 0.24 g, 6.00 mmol). After stirring for 4 
hours, the mixture was quenched by the addition of pH 6 phosphate buffer and partitioned 
between water and 3 portion of ethyl ether. The combined organic fractions were washed 
with water and brine, dried, filtered and concentrated. The residue was dissolved in 10 mL 
of 4N HCl/dioxane and stirred overnight. The mixture was diluted with ethyl ether and 

8625 placed in a freezer for 3 days. The precipitate was collected, wshed with ether and dried 
under vacuum to provide 1 . 17 g (74%) of the title compound. MS (DCI, NH3): 272 
(MH)+; 289 (M+NH4)+. 
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8635 



a 




-O 



8630 Ry ample 1130B 

4.rN-nyv-?-r.vciohexvoxvacetaldoyiminnmethvlV2-f2-methvlDhenvl)h enzoic acid, methyl 

ester 

A solution of example 1130A (1.15 g, 4.29 mmol) and 2-cyclohexyloxyacetaldehyde 
(0.55 g, 3.90 mmol) in 10 mL of acetonitrile was treated with powdered, activated 4A 
molecular sieves (0.50 g) and potassium hydrogen carbonate (0.47 g. 4.70 mmol) and 
stirred overnight. The mixture was filtered throught a plug of silica gel (prewetted with 
ether) and the pad washed well with ether. The filtrate was concentrated to provide 0.82 g 
(55%) of the title compound. MS (DCI, NH3): 272 (MH)+. 




COaMe 



8640 °' 

Fxam ple 1130C 

A^-U-r3-cvclohexv)nxvniethvlisoxa7nlidin-2-vlmethvn-2-(2-methvlp henyl)benzoicacid 

methyl ester 

A solution of example 1 130B (0.81 g. 2.05 mmol) in 30 mL of chloroform was 
8645 heated to 75°C under 640 psi of ethylene for 72 hours. The mixture was cooled to room 

temperature and vented. The chloroform was evaporated and the residue purified by column 
chromatograhy on silica gel (40 g. 15% ethyl acetate/hexanes) to provide 363 mg (40%) of 
the tide compound. MS (ESI+): 424 (MH+). 



8650 




CO2H 



-412- 



wo 98/50030 PCT/US98/09297 

FxampleinOD 

A/.[4-n-cvclohexvlovvnip.thvlisoxa7.olidin-2-vlmet hYl)-?-r?.-methvlnhenvl)benzoicacid 
A mixture of example 1 130C (355 mg, 0.84 mmol) and sodium hydroxide ( 1 mL of 
a 4N aqueous solution. 4 mmol) in 4 mL of ethanol was heated to reflux for 6 hours and then 
8655 cooled to room temperature. The mixture was diluted with water and the pH adjusted to 5 
with aqueuos phosphoric acid. The mixture was extracted with 3 portions of ethyl acetate 
and the combined organic fractions were washed with water and brine, dried, filtered and 
concentrated to provide 270 mg (78%) of the title compound. MS (ESI+): 410 (MH+). 



SMe 



COaMe 



8660 




O 



Fxample 1 130E 
A/-f4-f3-cvclohexvloxvmethvIisoxazolidin-2-vlmethvl)-2-(2- 

Following the procedure of example 1 1781, example 1 130D (265 mg. 0.65 mmol) 
8665 provided 147 mg (41%) of the title compound. MS (ESI+): 555 (MH+): (ESI-): 553 (M- 
H). 

SMe 



CO2H 



Example I130F 
A^-r4-f3-cvclohex vlnxvmethvlisoxazolidin-2-vlmethYl)-2-(2- 
8670 methvlphenv nhp.nyovnmethionine 

Following the procedure of example 1 104, example 1 130E (140 mg, 0.25 mmol) provided 
78 mg (70%) after preparative HPLC purification. H nmr (300 MHz.. CDCI3): 5 7.91, 
m. IH; 7.56, m, IH; 7.13 - 7.35, m, 5H; 5.99. d. IH; 4.62, m. 2H; 4.41, m, IH; 4.24. 
m, IH; 4.05, m, IH; 3.91. m. IH; 3.52. m. IH; 3.33, m. IH; 2.40. m. IH; 2.29, m, IH; 
8675 2.00 - 2.28, m, 7H; 2.02. s, 3H; 1.89. bm. 3H; envelope, 1.43 - 1.75, 5H; 1.26, bm, 5H. 
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MS (ES1+): 541 (MH+): (EST-): 539 (M-H). Calc'd for C30H40N2O5S. 1.10 TFA; C 
58.06; H 6.22; N 4.21; Found: C 57.97; H 6.28; N 4.17 



8680 



SMe 



Bu'OzC (iir N COzLi 




T 

F.xam ple 1135 





II 

Fyample 1 135 A 

8685 M^thvl 4.(fgrf-B v tnvvrarhnnvlethvn-?.-f2-methvlptienvnbgOZO^tg 

To a solution of (t-butoxycarbonylmethyl)triphenylphosphonium bromide ( 1 0.98 g, 
24.0 mmol) in THF ( 1 50 mL) at 0 °C was added potassium t-butoxide ( 1 .0 M in THF. 24 
mL) over 5 min. After 2 h, the aldehyde in THF (10 mL) was added slowly over 5 min.. 
and the reaction was further stirred for 30 min. The reaction mixture was diluted with 
8690 hexane (200 mL). and the resulting muddy mixture was filtered through silica gel (200 g), 
rinsed with ether, and concentrated to give an intermediate olefin. 'H NMR (300 MHz. 
CDCI3) 5 7.97 (d. 1 H). 7.59 (d. 1 H). 7.54 (dd. 1 H). 7.37 (d, 1 H). 7.30-7.27 (m. 3 H). 
7.06 (d. 1 H). 6.44 (d. 1 H). 3.61 (s. 3 H). 2.06 (s. 3 H), 1.52 (s. 9 H). MS(CI/NH3) m/z: 

353 (M+H)*, 370 (M+NH4)*. 
8695 That intermediate was mixed with palladium on carbon (10%, 2.0 g) in ethanol (30 

mL). and was stirred under a hydrogen balloon overnight. The mixture was then filtered 
through Celite™ (5 g), and the filtrate was concentrated. The residue was then redesolved in 
ether (100 mL) and the solution was filtered through silica gel (30 g). Concentration of the 
filtrate afforded the title compound (7.27 g, 99% for 2 steps). 'H NMR (300 MHz. CDCK) 
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8700 



5 7.91 (d. IH). 7.28-7.15 (m, 4 H). 7.07-7.03 (m, 2 H). 3.60 (s, 3 H). 2.97 (t. 2 H). 2.57 
(t. 2 H), 2.05 (s. 3 H), 1.40 (s. 9 H). MS(CI/NH3) m/z: 355 (M+H)*. 372 (M+NH4)^ 




SMe 



COaMe 



Exam ple 1135B 

g705 A^-f4-r2-t-butnxvcarhonvl-3-f3.5-dinuor nphe.nvnpropvn-2-f2- 

pipth Ylphenynbenzovllmethionine Methyl Este r 
To a -78 "C solution of intermediate 1 135 A (487 mg, 1.32 mmol) in THF (5 mL) 
was added sodium hexamethyldisiIylazide(NaHMDS. l.OMinTHF, 1.6 mL). After 30 
min.. 3,5-difluorobenzyl bromide (329 mg, 1.59 mmol) was added to the reaction, and the 
87 10 reaction mixture was then gradually warmed to room temperature over 2 h. The reaction 

mixture was then partitioned between ethyl acetate (80 mL) and water (20 mL). The organic 
layer was washed with water (20 mL), brine (20 mL), dried over anhydrous magnesium 
sulfate, filtered and concentrated. The residue was purified by column chromatography with 
8% ethyl acetate in hexane (the product and starting material had identical Rf on TLC) in to 
87 15 give the methyl ester intermediate. 

The product obtained from the previous step was stirred with saturated aquous LiOH 
(2 mL) in MeOH (3 mL) at 50 °C overnight. Then, the reaction mixture was carefully 
adjusted to pH 3 to 4, and extracted with ethyl acetate (100 mL). The organic layer was 
rinsed once with brine (15 mL), an dried with anhydrous magnesium sulfate, filtered, and 
8720 concentrated. The crude monoacid obtained this way was stirred with L-methionine methyl 
ester hydrochloride (383 mg, 2 mmol), l-hydroxybenzouiazole (266 mg, 2.0 mmol). 
triethylamine (303 mg, 3.0 mmol) and l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (400 
mg. 2.0 mmol) in DMF for 5 h. The reaction mixture was then partitioned between ethyl 
acetate (80 mL) and water (20 mL). The organic layer was washed with water (2 X 20 mL). 
8725 brine (20 mL), dried over anhydrous magnesium sulfate, filtered and concentrated. The 

residue was purified by column chromatography with 20% ethyl acetate in hexane to give the 
title compound (277 mg, 34% for 3 steps). 'H NMR (300 MHz, CDClj) 5 7.92 (2 d's, 1 
H), 7.37-7.12 (m. 5 H), 7.02 (d, I H), 6.75-6.60 (m, 3 H), 5.90 (br d, 1 H), 4.62 (m, 1 
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H). 3.66 (s. 3H). 3.05-2.72 (m, 5 H), 2.17.2.06,2.02,2.00 (4 s's. 6 H), 2.03 (m. 2 H). 
1.95 (m. 1 H), 1.60 (m, 1 H), 1.22 (3 s's, 9 H). MSCCI/NHj) m/z: 612 (M+H^. 




Rxam ple 1135C 
jV-[4-r2-t-hutoxvrarhonvl-3-f3 -5-difluoroDhenvl')nropvl)-2-f2- 

8735 methylphenynhenzovllmethionine Lithium Salt 

The procedure descriped in the Example 4031 was used here to convert the 
intermediate 1 135B (66 mg) to the title lithium salt (65 mg, 100%). 'H NMR (300 MHz, 
MeOD-d4) 5 7.52 (br s, 1 H), 7.35-7.21 (m. 5 H), 7.06 (m, 1 H). 6.87-6.72 (m. 3 H). 
4.24 (m. 1 H). 3.00-2.85 (m. 5 H), 2.08-1.93 (m. 8 H). 1.84 (m. 1 H). 1.65 (m, 1 H), 

8740 1.18-1.12 (3 s's, 9 H). MS(ESI-) m/z: 596 (M-H)". 




Example 1138 

8745 




Example 1 138A 
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Mpthvl 4-fyV-CvclohexvlmethY Mminn5;ulfonvlmethvlV2-f2-mHhvlnhp.nvnhenzoate 
To a room temperature solution of 1 178D (1.21 g. 3.79 mmol) in THF ( 10 mL) wa.s 
8750 added potassium thioacetate (0.48 g, 4.2 mmol). After 5 hours, NaOH (3.5 M in water, 3 
mL) was added, and the reaction mixture was stirred another 30 min. Reaction mixture was 
then acidified with HCl ( 1.0 M, 15 mL). and partitioned between ethyl acetate ( 100 mL) and 
water (10 mL). The organic layer was washed with water (20 mL), brine (20 mL). dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
8755 The residue desolved acetic acid (5 mL) and hydrogen peroxide (30%, 5 mL), and 

heated at 80 °C for 16 hours. The reaction mixture was diluted with brine (10 mL). and 
extrated with ethyl acetate (3 X 30 mL). The combined extrats were washed with brine (20 
mL), dried over anhydrous magnesium sulfate, filtered and concentrated to give the crude 
sulfonic acid. MS(ESI-) m/z: 319 (M-H)". 
8760 The crude sulfonic acid was then refiuxed with thionyl chloride (5 mL) and DMF 

(0.5 mL) for 8 hours. Solvent was then evaporated, and the residue was dried under high 
vacuum (5 mmHg) for 3 hours. The sulfonyl chloride obtained this way was then desolved 
in DCM (10 mL), and to it was added cyclohexylmethylamine (0.5 g) and triethylamine (2 
mL). Afte 20 min., the reaction was diluted with ether (20 mL). filtered through silica gel 
8765 (20 g). rinsed with ether (50 mL). and concentrated. The residue was purified by column 
chromatography with hexane:chloroform:ethyl acetate (50:50:10) to give the title compound 
(61 mg, 3.9%. 3 steps). 7.97 (d. 1 H), 7.46 (dd, 1 H). 7.30-7.15 (m. 5 H), 7.05 (br d. 1 
H). 4.30 (s, 2 H). 3.61 (s, 3 H), 2.83 (t. 2 H), 2.07 (s, 3 H), 1.80-0.90 (m, 1 1 
H).MS(CI/NH3) m/z: 433 (M+NH4)'^. 



8770 




SMe 



COgMe 



Rxam ple 1138B 

yV-r4-rAA-Cvclohexvlmethvlaminosulfonvlmethv l V2-r2-methvlphenvnben20vl1methionine 
g775 Methyl Ester 

The procedures descriped in the Example 403E and 403F were used here to convert 
the above intermediate 1 138A (45 mg) to the tiUe methyl ester (37 mg, 63%). 'HNMR (300 
MHz. CDCI3) 5 7.97 (2 d'd, 1 H), 7.48 (d, 1 H), 7.37-7.22 (m, 5 H). 5.93 (d. I H). 4.63 
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(m. 1 H). 4.29 (s. 2 H). 3.67 (s. 3 H). 2.87 (t, 2 H). 2.20-2.00 (m. 8 H), 2.86 ( 
8780 ' 2.80-0.80 (m. 12 H). MS(ESI-) m/z: 545 (M-H)". 




F.^amplell38C 

The procedure descriped in the Example 4031 was used here to convert the 
intermediate 1 135B (32 mg) to the title lithium salt (32 mg. 100%). 'H NMR (300 MHz. 
dmso-d6) 5 7.46 (d, 1 H). 7.36 (m, 1 H), 7.20-6.92 (m, 6 H), 7.08 (m, 1 H), 4.30 (s, 2 
H). 3.58 (m, 1 H), 2.64 (br d, 2 H). 2.00-1.80 (m. 8 H), 1.80-0.68 (m, 13 H). MS(ESI-) 
8790 m/z:531 (M-H)". 




R y ample 1162 

8795 




F^y ample 1 162 A 

M,>thvl 4-f2-f-Bntnvvcarhonvl- ^-hvdmxv-3-(thia7,ol-5-vnpropYn-2-i 
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8805 



8810 
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To a -78 'C solution of intermediate 1 135A (1.75 g. 4.94 mmol) in THF (20 mL) 
was added sodium hexamethyldisilylazide ( 1 .0 M in THF, 5.9 mL). After 10 min, 5- 
thiazolcarboxaldehyde (838 mg, 7.41 mmol) in THF ( 10 mL) was added to the reaction, 
and the reaction mixture was then gradually warmed to room temperature over 2 h. The 
reaction mixture was then partitioned between ethyl acetate (80 mL) and water (20 mL). 
The organic layer was washed with water (20 mL). brine (20 mL), dried over anhydrous 
magnesium sulfate, filtered and concentrated. The residue was purified by column 
chromatography with 50% ethyl acetate in hexane to give the title intermediate as a mnixture 
of diastereomers (1.41 g, 61%, ratio of diastereomers. 2.5:1). 'H NMR (300 MHz. 
CDCh) 5 8.90 (2 br s's, 1 H), 7.91 (2 d's, 1 H). 7.80 (2 br s's, 1 H), 7.31-7.25 (m. 5 H), 
7.05 (m, 2 H), 5.30,5.05 (2 m'm, 1 H), 3.60 (s, 3 H), 3.14-3.00 (m, 3 H), 2.05 (4 s's, 3 
H), 1.26,1.19,1.18 (3 s's, 9 H). MS(CI/NH3) miz: 468 (M+H)^ 




^COaMe 
F.Yample 1 162B 

88,5 M''''^ V'^-^^-^-^-PM*"^^^«^hnnvl-3- ( t » ^i«^ni-5-vnpron-?-envl1-2-(2-methv)phenYnhenzQate 
To a solution of intermediate 1 162A (267 mg. 0.57 mmol) in 1,2-dichloroethane (10 
mL) was added pyridine (0.5 mL), POCI3 (0.2 mL) and DBU (5 drops) in that order. After 
4 hours at room temperature, the reaction mixture was diluted with ether (10 mL), filtered 
through silica gel (30 g), rinsed with ether (2 X 20 mL), and concentrated. The residue 

8820 was purified by column chromatography with 30% ethyl acetate in hexane to give the title 
compound as a single isomer (230 mg, 90%). 'H NMR (300 MHz, CDCI3) 5 8.81 (s, 1 
H), 8.02 (s, 1 H). 7.96 (s, 1 H), 7.89 (d. 1 H). 7.26-7.15 (ra, 5 H), 7.02 (m. 2 H), 4.06 
(br s, 2 H), 3.59 (s. 3 H), 2.00 (s, 3 H), 1.43 (s, 9 H). MS(CI/NH3) m/z: 450 (M+H)r 



8825 




COaMe 



F.xample 1 162C 
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Mp |hvl 4-r£-2-Hvdrovvnipthvl-:^-fth iazol-5.vnDrop-2-p,nvll-2-(2-me.thY|phenv|)bepzQate 
A mixture of intermediate 1 162B (205 mg, 0.456 mmol) and HCI (anhydrous, 4.0 
M in 1,4-dioxane. 2 mL) was stirred for 16 h at room temperature. The reaction mixture 

8830 was then concentrated to dryness, and the residue was desoived in THF (3 mL) and cooled 
to 0 °G. To it was added isobutyl chloroformate (0.089 mL. 0.685 mmol) and N- 
methylmorpholine (0.15 mL, L4 mmol). After 15 min. at 0 °C, sodium borohydride (53 
mg, 1.4 mmol) was added to the reaction, followed by addition of methanol (1 mL). The 
reaction was then stirred at room temperature for 2 hours. The reaction mixture was then 

8835 partitioned between ethyl acetate (50 mL) and water (5 mL). The organic layer was washed 
with water (10 mL), brine (10 mL), dried over anhydrous magnesium sulfate, filtered and 
concentrated. The residue was purified by column chromatography with 50% ethyl acetate 
in hexane to give the title compound (69.7 mg, 40%). 'H NMR (300 MHz. CDClj) 5 8.70 
(s, 1 H). 7.90 (d, 1 H). 7.81 (s. 1 H), 7.27-7.15 (m, 4 H), 7.05 (m, 2 H), 6.93 (s, 1 H). 

8840 4.2 1 (d. 2 H), 3.85 (s. 2 H), 3.59 (s. 3 H), 2.02 (s, 3 H). MS(CI/NH3) m/z: 380 (M+H)' 




Example 1162D 
N- ( 4-rE-2-Hydroxvmethvl-3-fthiazol- 5-vnprop-2-envn-2-r2- 
8845 methvlphenvn hftnznvH methionine Methvl Ester 

The procedures descriped in the Example 403E and 403F were used here to convert 
the intermediate 1 162D (69 mg) to the title methyl ester (74 mg, 80%). 'H NMR (300 
MHz, CDCI3) 5 8.78 (s. 1 H), 7.95-7.81 (m, 2 H), 7.35-7.15 (m, 5 H), 7.01 (s, 1 H). 
6.94 (s, 1 H). 5.86 (m, 1 H), 4.62 (m, 1 H), 4.22 (s, 2 H). 3.84 (s, 2 H). 3.77 (s, 3 H), 
8850 2. 14-2.00 (m, 8 H). 1 .87 (m, 1 H), 1 .60 (m, 1 H). MS(CI/NH3) m/z: 5 1 1 (M^-H)^ 




Example 1162E 
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8865 



8870 



8875 



8880 



A^-^4-r£-2-HY f^rnxvlnethvl-3-fthiazoi-5-vnp^op-?-f■nv^^2-f2- 
methvlphenvnbenzovH methionine Lithium Salt 
The procedure descriped in the Example 4031 was used here to convert the 
intermediate 1 162D (20.2 mg) to the title lithium salt (20 mg, 100%). 'H NMR (300 MHz, 
dmso-de) 5 8.97 (s. 1 H), 7.90 (s. 1 H). 7.47 (d, 1 H), 7.25. (dd, 1 H), 7.22-7.07 (m, 4 
H). 6.92 (m. 2 H). 6.89 (m. 1 H), 5.42 (t. 1 H), 3.99 (d. 2 H). 3.75 (s. 2 H), 3.60 (m, I 
H), 2.08 (m, 1 H), 1.95 (m, 1 H), 1.90 (br s, 6 H). 1.68 (m, 1 H), 1.55 (m. 1 H). 
MS(ESI-) m/z: 495 (M-H)" 



Example 1 163A 

A/.{4-f/?-2-f3.5-dinoiirnphenoxv^m ethvl-3-fthiazol-5-vnprOD-2-envn-2-(2- 
methylphenyllbenzovU methionine Lithium Salt 

To a 0 °C solution of triphenylphosphine (55 mg. 0.2 1 mmol) in DCM ( 1 mL) was 
added diethyl azodicarboxylate (36 mg, 0.21 mmol). After 10 min., the solution thus 
prepared was transfered to a 0 °C solution of intermediate 1 162D (35. 1 mg, 0.069 mmol) 
and 3,5-difluorophenol (27.3 mg, 0.21 mmol) in DCM (1 mL). After the reaction mixture 
was stirred at room temperature for 15 hours, it eas diluted with ether (5 mL), filtered 
through silica gel (5 g), rinsed with ether (10 mL), and concentrated. The residue was 
purified twice by column chromatography with 30% ethyl acetate in hexane to give the title 
methyl ester (13.2 mg, 31%). 'H NMR (300 MHz. CDCI3) 5 8.78 (s, 1 H), 7.95-7.85 (m, 
2 H), 7.35-7.05 (m, 9 H), 7.02 (s, I H), 6.97 (s, 1 H), 5.88 (m, 1 H). 4.62 (m, 1 H), 
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4.49 (s, 2 H), 3.92 (s, 2 H). 3.66 (s. 3 H). 2.17-1.98 (m. 8 H). 1.87 (m. 1 H), 1.60 (m, 1 
H). MS(CI/NH3) m/z: 623 (M+H)*. 




F.xample 1163B 

A/-(4-rE-2-f3.S-diflouroDhennxv^meth vl-3-fthiazol-5-vnpr"p-2-envn-2-f2- 

methvlphenvnbenzovn methionine Lithium Salt 
The procedure descriped in the Example 4031 was used here to convert the 
8890 intermediate 1 163A (13.2 mg) to the tiUe lithium salt (13.0 mg, 100%). 'H NMR (300 
MHz. dmso-ds) 5 9.05 (s, 1 H), 7.98 (s, 1 H), 7.47 (d. 1 H). 7.25 (dd. 1 H). 7.22-7.07 
(m, 5 H), 6.95 (m. 1 H), 6.87 (m. 1 H), 6.80-6.70 (m, 4 H), 4.62 (s, 2 H), 3.87 (s, 2 H), 
3.60 (m, 1 H), 2.10-1.92 (m. 2 H), 1.90 (br s, 6 H), 1.68 (m, 1 H), 1.55 (m. 1 H). 
MS(ESI-) m/z: 607 (M-H)". 

8895 



Example 1 176 

8900 




OMe 



Example 1 176A 

4-Phthalimidovloxvmethvl-2-f2-methvlphenynbenzoic acid methvl ester 
To a stirred solution at 0°C under N2 of 4-hydroxymethyl-2-(2- 
8905 methylphenyl)benzoic acid methyl ester (5.00 g, 19.5 mmol), prepared as in Example 

1 178A-C, N-hydroxyphthalimide (3.19 g, 19.5 mmol). and triphenylphosphine (5. 12 g. 
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19.5 mmol) in anhydrous THF (150 mL) was added diethyl azodicarboxylate (3.38 mL, 
21.5 mmol). Cooling bath removed and reaction warmed to 50°C overnight. Solvents 
concentrated in vacuo, and residue taken up in ether and washed with 2M Na2C03 (3x). 

89 1 0 water, and brine. Organic layer dried with Na2S04. filtered, and concentrated in vacuo. 
Residue was purified by flash chromatography on silica gel elating with 20% 
EtOAc/Hexanes to afford the desired product as a white solid (3.32 g, 41%). 'H (300MHz, 
CDCI3, 8) 7.99 (IH. d, J=8Hz), 7.79 (4H, m), 7.63 (IH, dd, J=7&2Hz), 7.38 (IH, d, 
J=2Hz). 7.30-7.10 (3H. m), 7.02 (IH. dd. J=8&2Hz). 5.26 (2H. s), 3.62 (3H, s). 1.99 

8915 (3H, s). 




F 



Rxamplell76B 

4-rA/-f3.5-difluorohenzvlldenovnaminQOXvmethvlV2-f2- methvlphenvnhenzoicacid methyl 

8920 estgr 

To a solutuon under N2 of 4-phthalimidoyloxymethyl-2-(2-methylphenyl)benzoic 

acid methyl ester (575 mg, 1.43 mmol), prepared as in Example 1 176A, in boiling EtOH 
(10 mL) was added while hot 55% hydrazine hydrate (0.089 mL, 1.58 mmol). Reaction 
allowed to cool to ambient temperature, and to this mixture was added 3,5- 

8925 difluorobenzaldehyde (0. 172 mL, 1 .58 mmol). Reaction stirred overnight at ambient 

temperature. Solvents concentrated in vacuo, and residue stirred with CCI4 (30 mL) and 
MgS04 for 15 minutes at ambient temperature. Mixture filtered through celite, and filtrate 
concentrated in vacuo. Residue was purified by flash chromatography on silica gel eluting 
with 10% EtOAc/Hexanes to afford the desired product as a pale yellow solid (551 mg, 

8930 97%). m/e (ESI) 396 (MH+) 
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F 



Fxam ple 1 176C 

4-(A/-r^ ■■S-difluoroben7vnaminooyvnip.thvn-2-( 2 -methvlphenvnhenzoic acid methyl ester 
8935 To a stirred solution at room temperature under N2 of 4-(A^-(3.5- 

difluorobenzylidenoyl)aminooxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester (551 
mg, 1 .40 mmol), prepared as in Example 1 176B. in MeOH (5 mL) was added sodium 
cyanoborohydride (263 mg, 4.18 mmol) and bromocresol green indicator. To this was 
added a 1: 1 solution of cone. HCl/MeOH dropwise to maintain a yellow-orange color (pH 
8940 less than 3). After reaction mixture remained yellow, it was allowed to stir 30 minutes at 

room temperature. Reaction quenched with l.OM NaHCOs, and product extracted out with 
EtOAc (2x). Extracts washed with l.OM NaHCOs (2x) and brine, dried with Na2S04. 
filtered, and concentrated in vacuo. Residue was purified by flash chromatography on silica 
gel eluting with 25% EtOAc/Hexanes to afford the desired product. (254 mg, 46%). m/e 
8945 (ESI) 398 (MH+) 




F 

Example 1176D 



4-rA/-Butvl-A^-f3.5-difluorobp-n7.vnaminooxvmethvlV2- (2-methvlDhenvnhcnzoicacid 

8950 methyl ester 

To a stirred solution at ambient temperature under N2 of 4-(A^(3,5- 
difluorobenzyl)aminooxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester (254 mg, 
0.640 mmol), prepared as in Example 1 176 C, in DMF (2 mL) was added potassium 
carbonate (265 mg, 1.92 mmol) and 1-iodobutane (0.146 mL, 1.28 mmol). Reaction stirred 
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8955 vigorously at SC'C overnight. Reaction diluted with EtOAc and washed with water and 

brine. Organic layer dried with Na2S04, filtered, and concentrated in vacuo. Residue was 
purified by flash chromatography on silica gel eluting with 7% EtOAc/Hexanes to 30% 
EtOAc/Hexanes to afford the desired product. (44 mg. 15%), m/e (ESI) 454 (MH+) 




OH 



Exaniple 1176E 

4-fA^-Butvl-yV-n.5-difluorobenzvnaniinooxvniethylV2-f2-niethylphenvl^benzQic acid 
The desired acid was prepared using the method described in Example 403E starting 
with the compound prepared in Example 1 176D. 

8965 




F 



Example 1 176F 
/^,r4-/^--Butyl-N-(3-5-difluorobenzynaminooxvmethyl-2-(2- 
methvlphenvnbenzo ynmethionine methvl ester 
8970 The desired product was prepared using the method described in Example 403F 

starting with the compound prepared in Example 1 176E. 
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F 

F.yflmple 1 176G 

8975 A/-f4-A^-Butvl-Af-n.5-difl iinrnhenzvn?»minnnyvmp.thvl-2-(2- 

n^Ptt^ Y^p hftn Y''>hen70vl1 rnpthinnine lithium salt 
The desired compound was prepared according to the method of Example 4031 
starting with the compound from Example 1 176F. (300MHz, CDCI3, 5) 7.70 ( IH, m). 
7.30-7.00 (6H, m). 6.94 (IH. m), 6.85 (IH. dd. J=7&2Hz), 6.65 (IH, m), 4.53 (2H, 
8980 bs), 4.03 (IH, m), 3.80 (2H. bs). 2.72 (2H. t. J=8Hz), 2.30-1.90 (5H. m). 1.80 (3H, s), 
1.58 (2H, m), 1.50-1.20 (4H, m), 0.87 (3H. t, J=8Hz). m/e (ESI) 569 (MH") 
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4-A/.(rvclohexvlmethvlidenR'>aminooxv m ethvl-2-(2-methvlphenvnbp.n7oic acid methyl ester 

The desired product was prepared using the method described in Example 1 176B 
starting with4-phthalinudoyloxymethyl-2-(2-methylphenyl)benzoic acid methyl ester, 
prepared as in Example 1 176A and cyclohexanecarboxaldehyde. m/e (ESI) 366 (MH+) 




OMe 



Example 1186B 

4-A^-fCvclohexvlmethvnaminooxvmethvl-2-f2-m ethvlphenvnbenzoic acid methyl ester 
The desired product was prepared using the method described in Example 1 176C 
9000 starting with the compound in Example 1 186A. m/e (ESI) 368 (MH+) 




OMe 



Example 1186C 

A^.r4-A/-Butvl-/V-(cvclohexvlmethvnaminooxvmethvl-2-f2-met hvlphenvnbenzoicacid 
9005 methvl ester 

The desired product was prepared using the method described in Example 1 176D 
starting with the compound in Example 1 186B. m/e (ESI) 424 (MH+) 




OH 



9010 Example 11 86D 
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yV-r4-A/-Butvl-/V-(cvclo^i Pv vlmpthvl ^ aminooxvmethvl-2-(2-methvlphenvl)benzoic acid 
The desired product was prepared using the method described in Example 403E 
starting with the compound in Example 1 186C. 



9030 




N COaMe 
H 



9015 

F.xam ple 1 186E 

^-f4-jV-Butvl-jV-fcvclohexvlmethvl'>amino oxvmethvl-2-(2- 
methylphenylthenzovllmethionine m ethvl ester 
The desired product was prepared using the method described in Example 403F 
9020 starting with the compound in Example 1186D. m/e (ESI) 555 (MH+) 




N C02"Li-^ 
H 



Example 1 186F 
//-r4-//-Butvl-A^-fcvclohexvlmethynaminoox vmethvl-2-(2- 
9025 methylphenvl^benzovUmethionine l ithium salt 

The desired compound was prepared according to the method of Example 4031 
starting with th compound in Example 1 186E.1H (300MHz. DMS0-d6, 5) 7.53 ( IH, d, 
J=9Hz), 7.37 (IH, dd. J=7&2Hz), 7.30-7.05 (5H, m). 6.96 (IH, m), 4.63 (2H, s), 3.68 
(IH, m), 2.62 (2H, t. J=8Hz), 2.42 (2H, d, J=8Hz), 2.25-1.95 (5H, m). 1.92 (3H. s). 
1.80-1.50 (7H. m). 1.42 (3H. m), 1.26 (2H. m). 1.13 (3H, m), 0.85 (5H. t, J=8Hz). m/e 
(ESI) 539 (MH-) Anal.calc. for C3lH43LiN2O4S 0.75 H2O C 66.46, H 8.01. N 5.00 
Found C 66.43, H 8.02, N 4.88 
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SMe 



N CO2H 
H 




Rxam ple 1211 

yV-[4-rBenzvlphenvlfoxoDho -^ phinvnmethv l V2-r2-methvlT)henvnbenzovl1methionine 




9040 F.xam ple 1211 A 

nzvlphospl ionic acid mnnnethvl ester 
Diethyl benzylphosphonate (5.0 mL, 5.5 g, 24 mmol) was dissolved in absolute 
EtOH (25 mL), then 50% NaOH (3 niL) was added. The reaction was heated under reflux 
overnight, allowed to cool to RT, then partitioned between 2N HCl and EtOAc. Washed 
9045 organic layer with brine, extracted combined aqueous layers with EtOAc, dried combined 
organic layers over Na2S04. After filtration and concentration recovered 4.5 g (93%). MS 
(DCI/NH3) 201/218 (M+H)+/ (M+H+NH3)+. 




9050 Rxam ple 12 LIB 

Re,n7. ylphenv| ph"sphinic acid ethvl ester 
The compound described in Example 121 lA (2.5 g, 12.5 mmol) was dissolved in 
CH2CI2 ( 100 mL), cooled to 0-5 °C, then added DMF (50 \lL) and oxalyl chloride ( 1 .25 
mL. 1.82 g, 14.3 mmol). After 15 min. removed the bath, and let the reaction warm to RT 
9055 over 1 h. The reaction was then concentrated, dissolved in toluene, reconcentrated. 
dissolved in EL2O (8 mL). and cooled to -10 X. Under N2. 3.0M phenylmagnesium 
chloride (3.3 mL) was added dropwise (removed bath after ca. 7 mL had been added 
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because the reaction was too thick to stir). Stirred the reaction at RT for 3 h, then 
partitioned between 2N HCl and EtiO. Washed organic layer with water and brine, then 
9060 dried over Na2S04. After filtration and concentration the compound was purified by 

chromatography using 1/4 hex/ EtOAc. Recovered 1.38 g (42%). MS (DCI/NH3) 26 1/278 
(M+H)+/ (M+H+NH3)+. 




9065 Example 1211c 

4-fBenzvlphenvUoxophosphinvnmethvn-2-(2-methvlphenvl) hen7.oic acid methvl ester 
The title compound was prepared from the compound described in Example 1 2 1 1 B 
and the bromide described in Example 1 178D using the method found in J ACS, 94, 1774 
(1972). 

9070 After chromatography using 1/2 hex/EtOAc the product still contained 35-40% (wt.) 

starting ethyl phosphinate. MS (APCI) 455 (M+H)+ & 261 (M+H)+ (for starting material). 




Example 121 ID 

9075 4-menzvlphenvlfoxophosDhi nvnmethvn-2-r2-methvlphenvnbenzoicagid 

The title compound was prepared from the compound described in Example 121 IC 
by the method of Example 1 178H. The title compound was seperated from the phosphinic 
acid by chromatography using 98/2/0.5 CHCI3/ MeOH/ CH3CO2H. MS (ESI) 439 (M-H)". 
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Exam ple 121 IE 

/V-r4-fBenzvlphenvUoxoDhosphinvi'>methvlV2-f2-m ethvlphenvnbenzovnmethionine methyl 

ester . 

The title compound was prepared from the compound described in Example 121 ID 
using the method of Example 1205D, except the chromatography used 1.5% EtOH in 
EtOAc. MS (APCI) 586 (M+H)+. 




Exam ple 121 IF 

A/-f4-rRen7.vlphenvlfoxophosphinvnm ethvn-2-f2-methvlDhenvnbenzovi1methionine 
The above compound was prepared from the compound described in Example 
121 IE according to the method of Example 1178J, except the lithium salt was not made. 'H 
NMR (DMSO-d6) 5 8.08 (m. IH), 7.68 (m, 2H), 7.45 (m, 4H), 7.36 (d, IH), 7.17. 7.10, 
6.92. 6.82 (all m. total lOH). 4.19 (m, IH), 3.50 (m, 4H), 2.10. 1.95. 1.80 (all m, total 
lOH). MS (ESI) 570 (M-H)". Anal calcd for C33H34N04PS- 0.15 CHCI3: C. 67.53; H. 
5.84; N, 2.38. Found: C, 67.55; H. 5.90; N, 2.24. 
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SMe 



CO2H 



9100 Example 1212 

A^-r4-ffCvlohexvlmethvnmethviroxophosphinvl')me thvn-2-(2- 
methvlphenvltbenzovnmethionine 



o 
II 



OMe 

9105 Example 12 12 A 

Cvclohexvlmethvlphosphonic acid dimethyl ester 
Using the Grignard reagent made from bromomethyl cyclohexane and dimethyl 
phosphochloridate, the title compound was prepared by the method found in EngeL Robert, 
ed. Synthesis of Carbon-Phosphorous Bonds , p. 179. Boca Raton, FL: CRC Press, 1988. 
9110 The compound was purified by chromatography using EtOAc. MS (DCI/NH3) 207/224 
(M+H)+/ (M+H+NH3)+. 



o 

II 



Example 1212B 

9115 Cyclohexvlmethylphosphonic acid monomethvl ester 

The title compound was prepared from the compound described in Example 1212A 
by the method of Example 121 1 A. MS (DCI/NH3) 193/210 (M+H)+/ (M+H+NH3)+. 



ex.' 



o 

II 

^"OMe 



9120 Example 1212C 

fCvclohexvlmethvnmethvlphosphin ic acid methvl ester 
The title compound was prepared from the compound described in Example 1212B 
and methylmagnesium bromide by the method of Example 121 IB. MS (DCI/NH3) 191/208 
(M+H)+/ (M+H+NH3)+. 
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9125 




Fxample 1212D 

4-frCvlohexvlmethvnmethvKoxophosphip vl^methvn-2-(2-methvlphenvnbenzoicacid 

9 1 30 The title compound was prepared from the compound described in Example 1 2 1 2C 

and the bromide described in Example 1 178D using the method found in JACS, 94, 1774 
( 1972), followed by purification with chromatography using EtOAc/EtOH 93/7. MS 
(DCI/NH3) 399/416 (M+H)+/ (M+H+NH3)+. 




Example 1212E 

4-ffCvlohexvlmethvl1methvl('oxophosphinvnmethvn-2-r2-meth vlphenvnben2oicacid 
The title compound was prepared from the compound described in Example 12 12D 
using the method of Example 1 178H. MS (DCI/NH3) 385/402 (M+H)+/ (M+H+NH3)+. 

9140 




Example 1212F 
A^-f4-ffCvlohexvlm ethvnmethvl(oxophosphinvnmethvlV2-(2- 
methvlphenynbenzovllmethioni ne methvl ester 
9 145 The above compound was prepared from the compound described in Example 

121.2E according to the method of Example 1205D. MS (APCI) 530 {M+H)+. 



-433- 



wo 98/50030 



PCT/US98/09297 




F.Yam ple 1212G 

9150 A/-f4-((Cvlohexvlmethvlto p.thviroxopho.snhinvnmethvn-2-f2- 

methvlphenv nhfinynvllmethionine 
The above compound was prepared from the compound described in Example 
1212F according to the method of Example 1 178J, except the lithium salt was not made. 'H 
NMR (DMS0-d6) 6 8.08 (d. IH), 7.46 (d. IH), 7.30 (d, IH). 7.20, 7.10 (both m. total 
9155 5H), 4.21 (m, IH). 3.20 (dd. 2H). 2.10 (m, 5H), 1.95 (s, 3H). 1.80, 1.60 (both m, total 
lOH), 1.30 (d, 3H), 1.20. 1.00 (both m. total 5H). MS (ESI) 514 (M-H)". Anal calcd for 
C28H38NO4PS: C. 65.22; H, 7.43; N. 2.72. Found: C, 64.86; H, 7.44; N, 2.60. 



9160 




SMe 



CO2H 



Exam ple 1213 

A^-r4-((Cvlohexvlmethvl^hutvlfoxopho sphinvnmethvlV2-(2- 
methylphe n ynhenzovl lmethionine 



*OMe 



9165 



Example 1213A 
rCvclohexvlmethvnhutvlphosphinic a rid methvl ester 
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9170 



9175 



1 



The title compound was prepared from the compound described in Example 1212B 
and butylmagnesium chloride by the method of Example 1211B. MS (DCI/NH3) 233/250 
(M+H)+/ (M+H+NH3)+. 



Example 1213B 

4-ffCvlohexvlmethvnbutvl(oxophosphinvnmethvn- 2-r2-methvlphenvnbenzoic acid methyl 

ester 

The title compound was prepared from the compound described in Example 1213A 
and the bromide described in Example 1 178D using the method of Examplel212D. MS 
(DCI/NH3) 441/458 (M+H)+/ (M+H+NHs)^. 



4-r^rvlohexvlmethvnbutviroxophosp hinvnmethvn-2-r2-methvlnhenvnbenzoicacid 
The title compound was prepared from the compound described in Example 1213B 
using the method of Example 1 178H. MS (DCI/NH3) 427/444 (M+H)+/ (M+H+NH3)+. 




9180 




9185 
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Fxample 1213D 
Ar-r4-ffCvlohexvlmp.thvnhutvK oxophosphinvnmethvn-2-(2- 
methvlphenvl) hp.n7.nvnmethionine methvl ester 
9 190 The above compound was prepared from the compound described in Example 

1213C according to the method of Example 1205D. MS (APCI) 572 (M+H)+. 




Example 1213E 

9195 A^-r4-(rCvlohe yvlmethvnbutvUoxophosphinvnmethvn-2-(2- 

methvlphenynhenzovllm ethionine 
The above compound was prepared from the compound described in Example 
1213D according to the method of Example 1 178J, except the lithium salt was not made. iH 
NMR (DMS0-d6) 5 8.08 (d, IH), 7.46 (d, IH), 7.30 (d, IH), 7.20. 7.10 (both m, total 
9200 5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H). 1.85-0.90 (envelope 21H). 
. 0.85 (t, 3H). MS (ESI) 556 (M-H)-. Anal calcd for C31H44NO4PS: C, 66.76; H, 7.95; 
N, 2.51. Found: C. 66.73; H, 8.00; N, 2.42. 
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SMe 



CO2H 



Rxample 1214 

A^-r44DifcvlohexvlmethvlVnxophosphinv nmethvn-2-f2-methvlphenvnhen7,OYnmethioninc 



Dircyclohexvlmethynphosphinic acid 
Using the Grignard reagent made from bromomethyl cyclohexane, the title 
compound was prepared by the method found in JACS, 72, 5508 (1950). MS (DCI/NH3) 
259/276 (M+H)+/ (M+H+NH3)+. 

9215 



Example 1214B 
DifcyclohexylmethvDphosphinic acid methvl ester 
Using the compound described in Example 1214A, the title compound was prepared 
9220 by the method found in JOC, 59, 7616 ( 1994)-specifically Method B on p. 7623. MS 
(DCI/NH3) 273/290 (M+H)+/ (M+H+NHs)^. 




9210 



Example 12 14 A 
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9225 



9230 




COaMe 



F.y ample 1214C 

d-rni(r.vlohexv»me.thvlVoxoDhos phinvnmethvlV?-(?rmethvlphenvl)he.n7.oic acid methyl 

ester 

The title compound was prepared from the compound described in Example 12 14B 
and the bromide described in Example 1 178D using the method of Example 1212D. MS 
(APCI) 481 (M+H)+ 




CO2H 



9235 



F.xam ple 1214D 

4-rr>irrv1nhexvliTirthvl¥nxnnhos p hinvnmethvlV2-f2-mcthvlphenY0henzoicacid 
The title compound was prepared from the compound described in Example 1214C 
using the method of Example 1 178H. MS (APCI) 467 (M+H)+. 




SMe 



C02Me 



9240 



Example 1214E 

iV-r4-rni(cvlohe^ylme.thv1Voxop hn^ phinvnmethvn-?,-f2-methvlphenYnhp,n7,ovnmethionine 

methyl ester 
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The above compound was prepared from the compound described in Example 
1214D according lo the method of Example 1205D. MS (APCI) 612 (M+H)+. 



Example 1214F 

jV-r4-fDircvlohexvlmethvlVoxophosphinvnmethvn-2-r2-methv lphenvnben7ovllmethionine 

The above compound was prepared from the compound described in Example 
1214E according to the method of Example 1 178J, except the lithium salt was not made. 'H 
NMR (DMS0-d6) 5 8.04 (d, IH), 7.46 (d, IH). 7.30 (d, IH). 7.20, 7.10 (both m, total 
5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.80, 1.60 (both m, total 
18H), 1.20 (m, 6H), 0.95 (m, 4H). MS (ESI) 596 (M-H)". Anal calcd for 
C34H48NO4PS: C. 68.31; H, 8.09; N. 2.34. Found: C, 68.20; H. 8.19; N. 2.36. 



Example 1215 

N-[4-fDi(cvlQhexvlmethvnfthiaphosDhinvnmethvn-2-f2-methv lphenvnbenzovl1methionine 





SMe 



CO2H 
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COaMe 



9260 



F.Kample 1215A 



4-mifcvlohexvlmethvl¥thiaphn.<;phinvnm p thvlV2-(2-methvlnhenvnbenzoic acid methyl 



The compound described in Example 1214C (390 mg, 0.81 mmol) was dissolved in 
CH3CN (15 mL), then Lawesson's reagent (1.57 g, 3.88 mmol) was added. The reaction 
was heated under reflux for 3 h, then stirred at RT overnight. After filtration through celite 
and concentration of the filtrate, purification by chromatography using hex/EtOAc 85/15 
gave 335 mg (83%) of the title compound. MS (APCI) 497 (M+H)+. 



4.(nirrv1nhp.xvlmethvnfth iaphnsphinvnmethvn-2-f2-methv|phenYnbenzoicacid 
The title compound was prepared from the compound described in Example 1215A 
using the method of Example 1 178H. MS (ESI) 483 (M+H)+. 



ester 




9270 



F.xample 1215B 



9275 




Example 1215C 
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/\/-[d.fnircvlohexvlmethvlVthiaph n 5;phinvnmethvn-2-f2-methy»p hft pvnhenzovl1methionine 

pnethvl ester 

The above compound was prepared from the compound described in Example 
9280 12 1 5B according to the method of Example 1 205D. MS (APCI) 628 (M+H)+. 




SMe 



N CO2H 



Example 1215D 

Af-f4-rDifcviohexvlmethvlVthiaphosphinvnme thvn-2-f2-methvlphenvl^benzovl1methionine 
9285 The above compound was prepared from the compound described in Example 

1215C according to the method of Example 1 178J, except the lithium salt was not made. 'H 
NMR (DMSO-d6) 6 8.14 (d, IH). 7.46 (d, IH), 7.38 (d. IH), 7.20, 7.14 (both m, total 
5H). 4.21 (m, IH). 3.40 (d, 2H), 2.10 (m, 5H), 1.97 (s. 3H). 1.80. 1.60 (both m, total 
18H), 1.20.1.00 (both m, total lOH). MS (ESI) 612 (M-H)". Anal calcd for 
9290 C34H48NO3PS2: C, 66.53; H, 7.88; N, 2.28. Found: C, 66.26; H. 7.86; N. 2.19. 



SMe 




C02H 



Example 1219 

9295 N-f4-(Di(2-cvlohexvlethvl¥oxophosphinvnmethvlV242-methvlphenvnben 7ovnmethionine 
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OH 



Example 1219A 
Dif2-cvlohexvlethvnphosphinic acid 
The bromide described in Example 1207A was converted to the Grignard reagent, 
then used to prepare the title compound by the method of Example 1214A. MS (DCI/NH3) 
287/304 (M+H)+/ (M+H+NH3)+. 



Example 12m 
Dif2-cylohexvlethvl)phosphinic acid methvl ester 
Using the compound described in Example 1219A, the title compound was prepared 
by the method of Example 1214B. MS (DCI/NH3) 301/318 (M+H)+/ (M+H+NHs)-*". 



Example 1219C 

4-(Dif 2-cvlohexvlethyl¥ oxophosphinyHmethy n-2-f 2-methylphenvnbenzoic acid methvl 

ester 

The title compound was prepared from the compound described in Example 12 19B 
and the bromide described in Example 1 178D using the method of Example 1212D. MS 
(APCI) 509 (M+H)+. 



O 



It 
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Rxampie 1219D 

9320 4-rnif2^vlohexvlethvlVoxop linsphinvnmethvn-2-(2-methvbhenvnbenzpiC9Pid 

The title compound was prepared from the compound described in Example 12 19C 
using the method of Example 1 178H. MS (APCI) 495 (M+H)+. 




9325 Example 1219E 

/\^-f4-(Di(2-cvlohexvlethvlVoxophosphinvnmethvlV2-f2 -methvlphenvnbenzovl1methionine 

methyl ester 

The above compound was prepared from the compound described in Example 
1 2 19D according to the method of Example 1205D. MS (APCI) 640 (M+H)+. 

9330 
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Rxample 1219F 

A/-f4-fDi(2-cvlohexvlethvlVoxophosphinvnmethvn-2 -r2-methvlphenvl'>benzovnniethionine 
The above compound was prepared from the compound described in Example 
9335 12 19E according to the method of Example 1 178J, except the lithium salt was not made. ' H 
NMR (DMSO-d6) 5 8.07 (d, IH). 7.46 (d. IH), 7.30 (d, IH), 7.20, 7.10 (both m. total 
5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.80, 1.60 (both m. total 
16H). 1.32 (m, 4H), 1.15 (m, 8H), 0.83 (m, 4H). MS (ESI) 624 (M-H)". Anal calcd for 
C36H52NO4PS: C, 69.09; H, 8.37; N, 2.24. Found: C, 68.98; H, 8.33; N, 2.20. 

9340 



9345 




Example 1222 A 
Dibutvlphos phinic acid 
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Using butylmagnesium chloride, the title compound was prepared by the method of 
Example 1214A. MS (DCI/NH3) 179/196 (M+H)+/ (M+H+NH3)+ 



Using the compound described in Example 1222A, the title compound was prepared 
by the method of Example 1214B. MS (DCI/NH3) 193/210 (M+H)+/ (M+H+NH3)+. 



Example 1222C 

4-f DibutvUoxophosph invnmethvn-2-r2-methvlphenvnbenzoic acid methvl ester 
The title compound was prepared from the compound described in Example 1222B 
and the bromide described in Example 1 178D using the method of Example 121 2D. MS 
(DCI/NH3) 401/418 (M+H)+/ (M+H+NH3)+. 



The title compound was prepared from the compound described in Example 1222C 
using the method of Example 1 178H. MS (DCI/NH3) 387/404 (M+H)+/ (M+H+NH3)+. 




Example 1222B 
Dibutylphosp hinic acid methvl ester 





Example 1222D 

4-(Dibutvl( oxophosphinvnmethvn-2-f 2 -methvlphenvnbenzoic acid 
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Fxample 1222E 

A/-f4-fDihutviroxophosphinv[>me t hvlV2-r2-methvlnhenvnben7.ovl1methionine methyl ester 
The above compound was prepared from the compound described in Example 
9375 1 222D according to the method of Example 1205D. MS (APCI) 532 (M+H)+. 




Example 1222F 

A^-r4-(Dibutvlfoxophosphinvnmethvn- 2-f2-methvIphenvl^henzovnmethi6nine 
9380 The above compound was prepared from the compound described in Example 

1222E according to the method of Example 1 178J, except the lithium salt was not made. 'H 
NMR (DMS0-d6) 5 8.15 (d, IH). 7.46 (d, IH). 7.31 (d, IH), 7.20, 7.10 (both m, total 
5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.80 (m, 2H), 1.60 (m, 
4H), 1.40 (m, 8H), 0.85 (t. 6H). MS (ESI) 516 (M-H)". Anal calcd for C28H40NO4PS: 
9385 C, 64.97; H, 7.79; N. 2.71. Found: C, 64.87; H, 7.83; N, 2.72. 
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Fxample 1278 

9390 //44-phenvl-butvlaminostilfnnvn-2-p hpnvlbenzovl1methiQnine lithium salt. 




C02Me 



Example 1278 A 

4-amino-2-(2-methylphenyl)benzoic acid methyl ester (4.5 g. 0.018 mol) in an 
9395 excess of concentrated (38%) hydrochloric acid (25 ml), was diazotized at 0°C with sodium 
nitrite (1.45 g, 0.0216 mol). The solution of diazonium chloride was added with stirring to 
a mixture of sulfur dioxide(40 g), 1 ,2-dichlorobenzene( 10 ml), copper(ll) chloride( 1 .4 g). 
and potassium chloride(1.4 g) in dioxane(20 ml), and heated to 40-50°C. After the 
evolution of nitrogen was complete( about 30 min.), water (200 ml) was added and the 
9400 sulfonyl chloride was extracted with methylene chloride. The organic layer was washed 
quickly with 10% sodium hydroxide (3*50 ml), followed by washing with water. After 
drying over anhydrous magnesium sulfate, the organic solvents were removed under 
reduced pressure. A brown liquid of the title compound(4.8 g, 82%) was obtained. ^ H 
NMR: 2.09(3H, s), 3.65(3H, s), 7.0-7.1(lH, d), 7.2-7.4(3H, m), 7.9-8.0(lH, d), 8.1- 
9405 8.2(2H, m). NMR: 20.0 (CH3), 52.6( OCH3), 125.5, 125.6, 128.4, 129.2, 130.0, 
131.0, 135.0, 135.0, 138.6, 144.2, 146.0, 166.0. (DSI/NH3)MS: 324 (M+NH4)". 




C02Me 



Exampte l^ygB 

9410 A mixture of 1278B (0.32 g, 1.0 nmiol), 4-phenylbutylamine (0.223 g, 1.5 mmol). 

and 0.2 ml of pyridine in 5 ml of anhydrous methylene chloride was stirred for 12 hours. 
The reaction mixture was washed by 10% HCl, brine, and dried over anhydrous MgS04. 
Flash chromatography of the residue eluting with 4:6EtOAc/Hexane afforded 0.205 g of the 
title compound. NMR(CDCl3) 8.00-8.05 (m, IH); 7.85-7.92 (m, IH); 7.73 (s, IH); 7.00- 
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9415 7.30 (m, 8H); 4.35-4.45 (m, IH); 3.65 (s. 3H); 2.95-3.08 (t, 2H); 2.55-2.62 (t, 2); 2.08 
(s, 3H); 1.4-1.67 (m. 4H). (DSI/NH3)MS: 455 (M+NH4)*. 



9420 8.00-8.10 (m, IH); 7.88-7.94 (m, IH); 7.73 (s, IH); 7.10-7.40 (m, 8H); 5.93-6.00 (m. 

IH); 4.52-4.60 (m, IH); 4.32-4.40 (m, IH); 3.70 (s, 3H); 2.95-3.08 (t, 2H); 2.55-2.62 (i. 
2); 2.0-2.2 (m, lOH); 1.70-2.00 (m, IH); 1.50-1.70 (m. 4H). (DSI/NH3)MS: 569(M+H)^ 
586 (M+NH4)*. 



Example 1278 

N-r4-phenyl-butylaminosulfonylV2-phenylbenzoynmethionine lithium salt. 
Prepared according to the procedure of example 1 178 J from 1296C. NMR 
lH(MeOH-d4): 7.8-7.9 (2H, m); 7.7 (IH, s); 7.1-7.3 (13H. m); 4.2-4.3 (IH. m); 2.85- 
9430 2.95 (2H. m); 2.5-2.6 (2H. m); 1.6-2.3 (14H, m). ESI(-)/MS: 553(M-Li). 



Example 1299 

9435 A^-r4-(2-f2-Cvciohexvlethvn-l-hvdroxyprop-3-vn-2-f2-methvlphenvl)benzovnmethionine 

Lithium Salt 



Example 1278C 

Prepared according to the procedure of example 1258C from 1278B NMR(CDCl3) 



9425 
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9440 



Fxam ple 1299A 
rgr/-Butyl 4-cyclohexvlbutvrate 



4-Cyclohexylbutyric acid (1.8 g, 10.6 mmol). isobutylene (25 mL) and concentrated 
sulfuric acid (0.3 naL) were combined in CH2CI2 (25 mL) in a pressure bottle. After shaking 
for 8 days, the pressure bottle was placed in a -78 bath and a saturated solution of 
NaHC03 was added and the phases separated. The organic phase was dried (MgS04) and 
9445 concentrated to afford crude ester as a clear oil (2.3 g). NMR (CDCI3, 300 MHz) 6 0.8 1- 
0.94 (m, 2H), 1.14-1.25 (m, 6H). 1.44 (s, 9H) 1.55-1.74 (m» 7H), 2.18 (t, J=7.5 Hz, 
2H); MS (CI/NH3) m/z: (M+H)"^ 227. 



4-r2-f2-Cvclohexvlethvnt-butvlpropiQn-3-vll-2-f2-methvlphenvnbenzoic acid, methyl ester 
A 1.6M solution of n-BuLi in hexanes (1.7 mL, 2.7 mmol) was added to a solution 
of diisopropylamine (385 |iL, 2.7 nunol) at ambient temperature. After 10 minutes of 
stirring, the solution was cooled to -78 and the product from Example 1299A (600 mg, 

9455 2.6 mmol) in THF (2.5 mL) was added to the reaction mixture. After stirring for 15 min, the 
cold bath was removed. After 30 min of stirring, the mixture was recooled to -78 °C and the 
product from Example 1308E (1.0 g, 2.7 mmol) in THF (2.0 mL) was added to the reaction 
mixture. The mixture was allowed to gradually warm to ambient temperature and stir over 
night. A solution of 2N HCl was added and the mixture extracted with EtOAc (2X). The 

9460 organic phases were combined, dried (MgS04) and concentrated. The residue was 

chromatographed (silica gel; EtOAc/hexanes, 1:40) to afford a clear oil (572 mg. 47%). 
MS (CI/NH3) m/z: (M+H)+ 465. 




OMe 



9450 



Exan^ple 1299P 
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H0> 



'OMe 



9465 F^amplp 1299C 

A49.(9.r yr.lnhPxvlethvlvi-hvHrnxvnron- 3 -v 11 - 2-f2- methYlrhenyl)he.n7.oicacid,pielhYl 

ester 

Trifluoroacetic acid (3 mL) was added to a solution of the product from Example 
1299B (448 mg, 1.0 mmol) in CH2CI2 (3 mL) at ambient temperature. After stirring for 90 
9470 min, solvent was evaporated to dryness. MS (CimHs) m/z: (M+H)+ 409. 

A 1 .OM solution of borane THF complex (2. 1 mL, 2. 1 mmol) was added to a 
soluUon of the crude product described above in THF (3 mL) at ambient temperature. After 
stirring for 6 hours, a 2N solution of HCl was added to the reaction mixture. After 90 min of 
stirring, the mixture was extracted with EtOAc (2X). The organic phases were combined, 
9475 dried (MgS04) and concentrated. The residue was chromatographed (silica gel ; 

EtOAc/hexanes, 1 :8) to afford a clear oil (256 mg, 68%). MS (CI/NH3) m/z: (M+H)+ 395. 



9480 




OMe 



F.xam ple 1299D 

^;■r4.[7-f9-^.vclnhexvlethYl^-1-hvdrnxvDro n - 3 -v l^ - 2-(2-me thvlph>'nyi)hen7.ovnn^eth^o^ing 

methvl ester 

The product from Example 1299C (97 mg, 0.25 mmol) was saponified in a similar 
manner as that described in Example 608C. The crude acid was then allowed to react with 
EDCI (55 mg, 0.28 mmol), Hobt (30 mg, 0.22 mmol), (L)-methionine methyl ester 
9485 hydrochloride (48 mg. 0.24 mmol) and NMM (40 ^lL, 0.36 mmol) in DMF ( 1 mL) in a 

manner similar to that described in Example 608 D. The crude residue was chromatographed 
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(silica gel; EtOAc/hexanes. 1 :2) to afford the title compound as a clear oil (66 mg. 63%). MS 
(CI/NH3) m/z: (M+H)+ 526. 




Example 1299E 

jV-f4-r2-f2-Cvclohexvlethvn-l-hvdroxvprop-3-vlV2-f2-m ethvlphenvnbenzovl1methionine 

Lithium Salt 

The product from Example 1299D (60 mg, 0. 1 1 mmol) was allowed to react with 
9495 lithium hydroxide monohydrate (5 mg, 0. 12 mmol) in a manner similar to that described in 
Example 608E to afford the title compound. NMR (DMS0-d6, 300 MHz) 5 0.72-0.88 
(m, 2H), 1.03-1.30 (m, 8H), 1.52-1.70 (m, 9H), 1.88-2.03 (m, 6H). 2.15 (m. IH), 2.47 
(m, partially buried under DMSO peak IH), 2.70 (m, IH), 3.32 (d, partially buried under 
water peak 2H), 4.42 (m, IH), 6.90 (d, J=6 Hz, IH), 6.94 (s, IH). 7.10-7.25 (m, 4H), 
9500 7.46 (d, J=8 Hz, IH); MS (APCI(-)) m/z: (M-H)" 5 10; Anal. Calcd for 

C3oH4oLiN04S»2.1 H2O: C, 64.87; H, 8.02; N, 2.52. Found: C, 64.89; H, 7.37; N, 
2.37. 




Example 1300 

N-f4-f2-f2-Cyclohexylcthyl)-l-ethylthioprop-3-yn-2-(2-methylphenvnbenzoyl1methionine 

Lithium Salt 
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9510 

Example 1300A 

4-[2-(2-CvclohexvlethvlVl-methvlsulfnnvloxvprop-3-vl 1-2--f2-methvlphenvnben acid, 

methyl ester 

Methanesulfonyl chloride (33 |llL) was added to a solution of the product from 
9515 Example 1299C ( 149 mg, 0.38 mmol) and triethylamine (60 \iU 0A2 mmol) in THF ( 1 

mL) at 0 oC. The reaction mixture was allowed to warm to ambient temperature and stir for 
3 hours. A solution of 2N HCl was added to the mixture which was then extracted with 
EtOAc. The organic phase was separated, dried (MgS04) and concentrated. The residue 
was chromatographed (silica gel; EtOAc/hexanes, 1 :8) to afford a clear oil (1 1 1 mg, 62%). 
9520 1h NMR (CDCI3, 300 MHz) 5 0.75-0.90 (m, 2H), L07-1.27 (m, 6H), 1.35-1.43 (m, 
2H), 1.60-1.66 (m, 5H), 2.04 (m, IH), 2.05 (s. 3H), 2.66-2.81 (m, 2H), 2.96 (s, 3H), 
3.61 (s, 3H), 4.10 (d, J=5 Hz, 2H), 7.04-7.07 (m, 2H), 7.18-7.29 (m, 4H), 7.92 (d, J=8 
Hz, IH); MS (CI/NH3) m/z: (M+H)+ 473. 




Example 1300B 

4-r2-(2-CvclQhexvlethvlV 1 -ethvlthioprop-3-vn-2-f 2-methvlDhenvnbenzQic acid, methvl 

ester 

Ethanethiol (50 ^lL, 0.66 mmol) was added to a 60% dispersion in mineral oil NaH 
9530 (27 mg, 0.68 mmol) slurry in THF (0.7 mL) at ambient temperature. After stirring for 40 
min, the product from Example 1300 A (105 mg, 0.22 mmol) in THF (0.7 mL) was added 
to the reaction mixture followed by heating at reflux for 90 min. The mixture was allowed to 
cool to ambient temperature and a solution of 2N HCl was added to the reaction vessel. The 
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mixture was extracted with EtOAc (2X). The organic phases were combined, dried 
9535 (MgS04) and concentrated. The residue was chromatographed (sihca gel; EtOAc/hexancs, 
1: 10) to afford a clear oil (83 mg, 86%). MS (CI/NH3) m/z: 439 (M+H)+. 




9540 Example 1300C 

A^44-r2-f2-CvclohexvlethvlY-l-ethvlthioprop-3-vl1-2-(2-m ethvlphenvnbenzovl1methion 

methyl ester 

The product from Example 13008 (78 mg, 0. 18 mmol) was saponified in a similar 
manner as that described in Example 608C. The crude acid was then allowed to react with 
9545 EDCI (48 mg, 0.25 mmol), Hobt (27 mg, 0.20 mmol), (L)-methionine methyl ester 

hydrochloride (43 mg, 0.22 mmol) and NMM (35 ^L, 0.32 nmiol) in DMF ( 1 .0 mL) in a 
manner similar to that described in Example 608 D. The crude residue was chromatographed 
(silica gel; EtOAc/hexanes. 1:8) to afford the title compound as a clear oil (46.5 mg, 45%). 




E?camplp 1300D 

N-r4-(2-f2-CvclohexviethvlVl-ethvlthioprop-3-vlV2-f2-methvlDh envnbenzovllmethionin 

Lithium Salt 

The product from Example 1300C (46.5 mg, 0.08 nmiol) was allowed to react with 
9555 lithium hydroxide monohydrate (4 mg, 0.08 mmol) in a manner similar to that described in 
Example 608E to afford the title compound. NMR (DMS0-d6. 300 MHz) 8 0.75-0.88 
(m, 2H), 1,08-1.38 (m, lOH). 1.53-2.01 (m, 14H), 2.15 (m, IH), 2.39-2.49 (m, 4H), 
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2.57-2.75 (m. 2H), 3.32 (d, partially buried under water peak 2H), 3.66 (m, IH), 6.86 (d, 
J=6 Hz. IH). 6.95 (m. IH), 7.12-7.26 (m. 4H), 7.47 (d, J=8 Hz. IH); MS (APCI(-)) m/z: 
9560 (M-H)- 554; Anal. Calcd for C32H44LiN03S2M.75 H2O: C, 64.78; H. 8.07; N. 2.36. 
Found: C, 64.75; H. 7.40; N, 2.20. 




F.xam ple 1301 

A/-f4.r2-f2-cvclohexvlethvnt-hiitvlproDion-3 -vlV2-r2-methvlnhenvnbenzovllmethionine 

Lithium Salt 




F.xam ple 1301A 

yV-r4-r2-f2-Cyclnhexvlethvnt-hutvlproo ion-3-vlV2-(2-mpthvlphenvnhen7,ovnmethionine 

methvl ester 

The product from Example 1299B (99 mg, 0.21 mmol) was saponified in a similar 
manner as that described in Example 608C. The crude acid was then allowed to react with 
EDCI (56 mg. 0.29 mmol), Hobt (31 mg. 0.23 nmiol). (L)-methionine methyl ester 
hydrochloride (50 mg. 0.25 mmol) and NMM (42 ^L. 0.38 mmol) in DMF ( 1 .0 mL) in a 
manner similar to that described in Example 608 D. The crude residue was chromatographed 
(silica gel; EtOAc/hexanes) to afford the title compound as a clear oil (62 mg. 49.5%). 



9570 



9575 
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Example 1301B 

A^44-f2-f2-CvclohexylethylM-butylpropion-3-yl')-2-('2-methylphenvl)benzovl1methionine 

The product from Example 1301 A (61 mg, 0.10 mmol) was allowed to react with 
9585 lithium hydroxide monohydrate (4.5 mg, 0.08 mmol) in a manner similar to that described 
in Example 608E to afford the title compound. NMR (DMSO-d6, 300 MHz) 5 0.75- 
0.90 (m. 2H), 1.05-1.35 (m. 15H), 1.45-2.03 (m, 17H). 2.15 (m, IH). 2.75-2.80 (m. 
2H), 3.65 (m, IH), 6.86-7.00 (m, 2H). 7.07-7.25 (m, 4H). 7.46 (d. J=8 Hz. IH); MS 
(APCI(-)) m/z: (M-H)- 580; Anal. Calcd for C34H46LiNO5S»1.70 H2O: C, 66.04; H, 
9590 8.05; N, 2.26. Found: C, 66.0 L; H. 7.54; N, 2.27. 




Example 1302 A 

9600 3-Cyclohexylpropyl phenyl sulfone 
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A solution of 2.5M nBuLi in hexanes (1.9 mL. 4.7 mmol) was added to a solution of 
diisopropylamine (660 jiL, 4.7 mmol) in THF (9.0 mL) at ambient temperature. After 10 
min, the mixture was cooled to -78 °C and methyl phenyl sulfone (700 mg. 4.5 mmol) was 
added to the reaction vessel. The cold bath was removed and after stirring for 30 min. 1 - 
bromo-2-cyclohexylethane (1.3 g. 6.7 mmol) was added to the reaction mixture. The mixture 
was allowed to warm to ambient temperature and stir for 18 hours. A solution of 2N HCl 
was added to the reaction mixture followed by extraction with EtOAc (2X). The organic 
phases were combined, dried (MgS04) and concentrated. The residue was chromatographed 
(silica gel; EtOAc/hexanes, 1 :8) to afford a clear oil (620 mg. 52%). NMR (CDCI3, 
MHz) 6 0.75-0.91 (m, 2H). 1.07-1.26 (m, 6H), 1.58-1.76 (m. 7H), 3.06 (t. J=8 Hz, 2H), 
7.55-7.70 (m, 3H), 7.92 (m, 2H); MS (CI/NH3) ttJz: (M+NH4)+ 284. 



9620 




Rxam ple 1302B 

96,5 fy/-^4-(4-rvdnhexv i-^-ph>'nvk,.lfonvlhnt-l-vl)-2-(2-methYlphenvnhen7,ovl1methionine 

methvi ester 

The product from Example 1302A (200 mg, 0.75 mmol) was allowed to react with 
diisopropylamine (1 10 ^lL, 0.79 mmol). 1.6M nBuLi in hexanes (495 ^iL, 0.79 mmol) and 
the product from Example 1308E (302 mg. 0.82 mmol) in a manner similar to that described 
under Example 1302A. The crude residue was chromatographed (silica gel; EtOAc/hexanes, 
1:8) to afford a clear oil (179 mg, 47%). NMR (CDCI3, MHz) 5 0.60-0.75 (m, 2H), 
0 90-1.15 (m. 6H). 1.43 (m. IH), 1.50-1.64 (m, 5H). 1.84 (m. IH), 2.02 (s, 3H), 2.78 
(m, IH), 3.22 (m, IH), 3.38 (m, IH), 3.60 (s. 3H), 6.95-7.02 (m. 2H). 7.14-7.29 (m. 
4H), 7.53-7.88 (m, 3H), 7.86-7.93 (m, 3H); MS (CI/NH3) m/z: (M+NH4)+ 522. 



9625 



-456- 



wo 98/50030 



PCT/US98/09297 




Example 1302C 

A^-r4-f4-Cyclohexvl-2-phenvlsulfonylbut-l-vlV2-f2-methvlphenynbenzoy 

methyl ester 

9630 The product from Example 1302B (168 mg, 0.33 mmol) was saponified in a similar 

manner as that described in Example 608C. The cmde acid was then allowed to react with 
EDCI (90 mg, 0.46 mmol), Hobt (50 mg, 0.36 mmol), (L)-methionine methyl ester 
hydrochloride (80 mg, 0.39 mmol) and NMM (65 ^iL, 0,39 mmol) in DN4F (1.3 mL) in a 
manner similar to that described in Example 608 D. The crude residue was chromatographed 

9635 (silica gel; EtOAc/hexanes, 1:4) to afford the title compound as a clear oil (1 17 mg, 56%). 




Example 1302D 

A^-f4-f4-Cyclohexvl-2-phenylsulfonylbut-l-ylV2-f2'methylphenvnbenzovl1me^ 

9640 Lithium Salt 

The product from Example 1302C (107 mg, 0. 17 mmol) was allowed to react with 
lithium hydroxide monohydrate (8 mg, 0.18 mmol) in a mamier similar to that described in 
Example 608E to afford the title compound. NMR (DMSO-d6, 300 MHz) 5 0.54-0.70 
(m, 2H), 0.85-1.10 (m, 6H), 1.30-2.04 (m, 16H). 2,14 (m, IH), 2.80 (m, IH), 3.16 (m, 

9645 IH), 3.60-3.73 (m, 2H), 6.85-7.26 (m, 6H), 7.43 (d, J=8 Hz, IH), 7.62-7,68 (m, 2H). 
7,75 (m, IH), 7.93 (d, J=7 Hz, 2H); MS (APCI(-)) m/z: (M-H)- 620; Anal. Calcd for 
C35H42LiNO5S2*3.20 H2O: C, 61.33; H, 7.12; N, 2.04. Found: C, 61.31; H, 6.63; N, 
1.70 
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WHAT TS CLAIMED IS: 

1 . A compound having Formula I 



R4 

5 

I 

or a pharmaceutically acceptable salt thereof, wherein 
Rj is selected from the group consisting of 
(1) hydrogen, 
10 (2) alkenyl, 

(3) alkynyl, 

(4) alkoxy, 

(5) haloalkyl, 

(6) halogen, 

15 (7) loweralkyl, 

(8) thioalkoxy, 

(9) aryl-L2- wherein aryl is selected from the group consisting of 

(a) phenyl, 

(b) naphthyl, 

20 (c) dihydronaphthyl, 

(d) tetrahydronaphthyl, 

(e) indanyl, and 

(f) indenyl 

wherein (a)-(f) are unsubstituted or substituted with at least one of X, Y, 
25 or Z wherein X, Y, and Z are independently selected from the 

group consisting of 
alkenyl, 
alkynyl, 
alkoxy, 

30 aryl, 

carboxy, 

cyano, 

halogen, 
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haloalkyl. 
hydroxy, 
hydroxyalkyl, 
loweralkyl, 
5 nitro. 

N-protected amino, and 

-NRR' wherein R and and R" are independently selected 
from the group consisting of 
hydrogen and 
10 loweralkyl, 

0X0 (=0), and 
thioalkoxy and 
L2 is absent or is selected from the group consisting of 

-CH2-, 

15 -CH2CH2"i 

-CHCCHj)-, 

-0-, 
-C(0)-, 

-S(0)q wherein q is 0, 1 or 2, and 

20 -N(R)-, and 

(10) heterocycle-Lj- wherein L2 is as defined above and the heterocycle is 

unsubstituted or substituted with 1, 2, 3 or 4 substituents 
independently selected from the group consisting of 





(a) 


loweralkyl. 


25 


(b) 


hydroxy. 




(c) 


hydroxyalkyl. 




(d) 


halogen 




(e) 


cyano. 




(0 


nitro, 


30 


(g) 


0x0 (=0), 




(h) 
(i) 


-NRR', 

N-protected amino, 




(j) 


alkoxy. 




(k) 


thioalkoxy, 


35 


(1) 


haloalkyl. 




(m) 


carboxy, and 
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(I) 



(n) aryl; 
Rj is selected from the group consisting of 

Ln^^ wherein Ln is selected from the group 

consisting of 

(a) a covalent bond, 

(b) -C(W)N(R)- wherein R is defined previously and W is 
selected from the group consisting of O and S, 

(c) -C(0)-, 

(d) -N(R)C(W)-, 

(e) -CH2O-, 

(f) -C(0)0-, and 

(g) -CH2N(R)-, 

R^2a is selected from the group consisting of 

(a) hydrogen, 

(b) loweralkyl, and 

(c) -C(0)ORi3 wherein R^^ is selected from the group 
consisting of 
hydrogen and 

a carboxy-protecting group, and 
^\2b selected from the group consisting of 

(a) hydrogen and 

(b) loweralkyl, 

with the proviso that R|2a and Ri2b are not both hydrogen. 



(2) -Li i-C(Ri4)(Rv)-C(0)ORi5 wherein Li 1 is defined previously, 
Rv is selected from the group consisting of 

(a) hydrogen and 

(b) loweralkyl, 

R|5 is selected from the group consisting of 

(a) hydrogen, 

(b) alkanoyloxyalkyl, 

(c) loweralkyl, and 

(b) a carboxy-protecting group, and 
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Rj4 is selected from the group consisting of 

(a) alkoxyalkyl, 

(b) alkoxyarylalkyl, 

(c) alkoxycarbonylaikyl, 

(d) alkylsulfinyalkyl. 

(e) alkylsulfonylalkyl, 

(f) alkynyl, 

(g) aminoalkyl, 

(h) aminocarbonylalkyl, 

(i) aminothiocarbonylalkyl, 
0) aryl. 

(k) arylalkyl, 

(1) carboxyalkyl, 

(m) cyanoalkyl, 

(n) cycloalkyl, 

(o) cycloalkylalkoxyalkyU 

(p) cycloalkylalkyl, 

(q) (heterocyclic)alkyi, 

(r) hydroxyalkyl, 

(s) hydroxyarylalkyl, 

(t) loweralkyl, 

(u) sulfhydrylalkyl, 

(v) thioalkoxyalkyl wherein the thioalkoxyalkyl is 



unsubstituted or substituted with 1, 2, 3, or 4 
substituents selected from the group consisting of 
halogen, 



-C(0)NH-CH(Rj4)-C(0)NHS02Rl6 wherein R14 is defined previously 
and R16 is selected from the group consisting of 
(a) loweralkyl, 



(w) thioalkoxyalkylamino, and 
(x) thiocycloalkyloxyalkyl, 



O 
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haloalkyl, 

aryl wherein the aryl is unsubstituted or substituted with 
1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
loweralkyl, 
hydroxy, 
hydroxyalkyl, 
halogen, 
cyano, 
nitro, 
0X0 (=0), 
-NRR' 

N-protected amino, 
alkoxy, 
thioalkoxy, 
haloalkyl, 
carboxy, and 
aryl, and 

heterocycle wherein the heterocycle is unsubstituted or 
substituted with substituents independently 
selected from the group consisting of 
loweralkyl, 
hydroxy, 
hydroxyalkyl, 
halogen, 
cyano, 
nitro, 
0X0 (=0), 
-NRR', 

N-protected amino, 

alkoxy, 

thioalkoxy, 

haloalkyl, 

carboxy, and 

aryl; 
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(5) -C(0)NH-CH(R|4)-tetrazolyl wherein the tetrazole ring is unsubstituted 

or substituted with loweralkyl or haloaikyl, 

(6) -Li i-heterocycle, 

(7) -C(0)NH-CH(Ri4)-C(0)NRi7Ri8 wherein Rk is defined previously 

and Ri7 and Rig are independently selected from the group 
consisting of 

(a) hydrogen, 

(b) loweralkyl, 

(c) arylalkyl, 

(d) hydroxy, and 

(e) dialkylaminoalkyl, 

(8) .C(0)0Ri5>and 

(9) -C(0)NH-CH(Ri4)-heterocycle wherein R14 is as previously defined 

and the heterocycle is unsubstituted or substituted with 
loweralkyl or haloalkyl; 

is absent or is selected from the group consisting of 
( 1 ) -L4-N(R3)-L5- wherein L4 is absent or selected from the group 
consisting of 

(a) Ci-to-CjQ-alkylene and 

(b) C2-to-C|g-alkenylene, 

wherein the alkylene and alkenylene groups are unsubstituted or 
substituted with 1, 2, 3 or 4 substitutents independently 
selected from the group consisting of 
alkenyU 
alkenyloxy, 
alkenyloxyalkyl, 
alkenyl[S(0)q]alkyl, 
aikoxy, 

aikoxyalkyl wherein the alkoxyaikyl is unsubstituted or 

substituted with 1 or 2 hydroxy 1 substituents, 
with the proviso that no two hydroxyls are attached to the 
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same carbon, 
alkoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1, 2, or 3 

substituents independently selected from the 

group consisting of 

halogen and 

cycloalkyl, 
alkylsilyloxy» 
alkyl[S(0)ql, 
alkyl[S(0)q]alkyi, 

aryi wherein the aryl is unsubstituted or substituted with 
1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
alkoxy wherein the alkoxy is unsubstituted or 
substituted with substituents selected 
from the group consisting of cycloalkyl, 

aryl, 

arylalkyl, 

aryloxy wherein the aryloxy is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of, 
halogen, 
nitro, and 
-NRR', 

cycloalkyl, 

halogen, 

loweralkyl, 

hydroxyl, 

nitro, 

-NRR*, and 
-S02NRR\ 

arylalkoxy wherein the arylalkoxy is unsubstituted or 
substituted with substituents selected from the 
group consisting of alkoxy, 

arylalkyl, 
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arylalkyl[S(0)q]alkyl, 
aryl[S(0)q], 

aryl[S(0)q]alkyl wherein the aryl[S(0)q]alkyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
alkoxy and 
loweralkyl, 

arylalkoxyalkyl wherein the arylalkoxyalkyl is 

unsubstituted or substituted with substituents 

selected from the group consisting of 

alkoxy, and 

halogen, 
aryloxy. 

aryloxyalkyl wherein the aryloxyalkyl is unsubstituted or 
substituted with substituents selected from the 
group consisting of halogen, 

carboxyi, 

-C(0)NRcRd wherein Rc and Rd are independently 
selected from the group consisting of 
hydrogen, 
loweralkyl, and 
alkoxycarbonyl or 

Rc and Rd together with the nitrogen to which 

they are attached form a ring selected 

from the group consisting of 

morpholine, 

piperidine, 

pyrrolidine 

thiomorpholine, 

thiomorpholine sulfone, and 

thiomorpholine sulfoxide, 

wherein the ring formed by Rc and Rd 
together is unsubstituted or 
substituted with 1 or 2 
substituents independently 
selected from the group consisting 
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of alkoxy and alkoxyalkyl, 
cycloalkenyl wherein the cycloalkenyl is unsubstituted or 

substituted with 1 or 2 substiluents selected from 

the group consisting of alkenyl, 
cycloialkoxy, 
cycloalkoxycarbonyl, 
cyclolalkoxyalkyl, 

cyclolalkyl wherein the cycloalkyl is unsubstituted or 
substituted with 1, 2, 3, 4, or S.substituents 
independently selected from the group consisting 
of aryl, 

loweralkyl, and 

alkanoyl, 
cycloalkylalkoxy, 
cycloalkylalkoxycarbonyl, 
cycloalkylalkoxyalkyl, 
cycloalkylalkyl, 
cyclolalkyl[S(0)q]alkyl, 
cycloalkylalkyl[S(0)q]alkyl, 

fluorenyl, 

heterocycle wherein the heterocycle is unsubstituted or 
substituted with 1, 2, 3, or 4 substituents 
independently selected from the group 
consisting of 

alkoxy wherein the alkoxy is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group 
consisting of aryl and cycloalkyl, 

alkoxyalkyl wherein the alkoxyalkyl is 

unsubstituted or substituted with 1 or 2 
substituents independendy selected from 
the group consisting of 
aryl and 
cycloalkyl, 

alkoxycarbonyl wherein the alkoxycarbonyl is 
unsubstituted or substituted with 1 or 2 
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substituents independently selected from 
the group consisting of 
aryl and 
cycloaikyl. 
aryl wherein the aryl is unsubstituted or 
substituted with 1. 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of 
alkanoyl, 
alkoxy, 

carboxaldehyde, 

haloalkyl, 

halogen. 

loweralkyl, 

nitro, 

-NRR', and 

thioalkoxy, 
arylalkyl, 
aryloxy, 

cycloalkoxyaikyl, 

cycloaikyU 

cycloalkylalkyl, 

halogen, 

heterocycle, 

hydroxyl, 

loweralkyl wherein the loweralkyl is 

unsubstituted or substituted with 1, 2, or 
3 substituents independently selected 
from the group consisting of 
heterocycle, 
hydroxy!, 

with the proviso that no two hydroxyls 
are attached to the same carbon, 
and 

.NRR3R3' wherein R^^ and RR^' are 

independently selected from the 
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group consisting of 
hydrogen " 
aryl, 

loweraikyl 
aryl, 

arylalkyl. 
heterocycle, 
(heterocyclic)alkyl. 
cycloalkyi, and 
cycloalkylalkyl, and 

sulfhydryl, 
(heterocyclic)alkoxy. 
(heterocyclic)alkyl, 
(heterocyclic)alkyl[S(0)q]alkyl, 
(heterocyclic)oxy, 
(heterocyclic)alkoxyalkyl, 
(heterocyclic)oxyalkyl, 
heterocycle[S{0)q]alkyl, 
hydroxyl, 
hydroxyalkyl, 
inuno, 

N-protected amino, 
=N-0-aryl, and 
=N-OH, 

=N-0-heterocycie wherein the heterocycle is 

unsubstituted or substituted with 1 , 2, 3, or 4 

substituents independently selected from the 

group consisting of 

loweralkyl, 

hydroxy, 

hydroxyalkyl, 

halogen, 

cyano, 

nitro, 

0X0 (=0), 

-NRR* 
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N-protected amino, 

alkoxy, 

thioalkoxy, 

haloalkyl, 

carboxy, and 

aryl, 

=N-0-loweralkyl, 
-NRR3RR3; 

-NHNRcRd, 

-OG wherein G is a hydroxyl protecting group, 
-O-NH-R, 

J wherein J and J' are independently selected 
from the group consisting of 
loweralkyl and 
arylalkyl, 

0X0, 

oxyamino(alkyl)carbonylalkyl, 

oxyamino(arylalkyl)carbonylalkyl, 

oxyaminocarbonylalkyl, 

-SO2-A wherein A is selected from the group 

consisting of 

loweralkyl, 

aryl, and 

heterocycle 

wherein the loweralkyl, aryl, and heterocycle are 
unsubstituted or substituted with 1, 2, 3, 
4, or 5 substituents independently 
selected from the group consisting of 
alkoxy, 
halogen, 
haloalkyl, 
loweralkyl, and 
nitro, 

sulfhydryl, 
thioxo, and 
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thioalkoxy, 

is absent or selected from the group consisting of 

(a) C|-to-CjQ-alkylene and 

(b) C2-to-Ci5-alkenylene 

wherein (a) and (b) are unsubstituted or substituted as 
defined previously, and 
; is selected from the group consisting of 

hydrogen, 

alkanoyl wherein the alkanoyl is unsubstituted or 

substituted with substituents selected from the 
group consisting of aryl, 

alkoxy, 
alkoxyalkyl, 

alkoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1 , 2 or 3 
substituents independently selected from the 
group consisting of 
aryl and 
halogen, 

alkylaminocarbonylalkyl wherein the 

alkylaminocarbonylalkyl is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group consisting 
of aryl, 

(anthracenyl)alkyl, 

aryl, 

arylalkoxy, 

arylalkyl wherein the arylalkyl is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group 
consisting of 
alkoxy, 
aryl, 

carboxyl, 

cyano, 

halogen. 
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haloalkoxy, 
haloalkyl. 
nitro, 
oxo, and 

-Lii-C(Ri4)(Rv)-C(0)ORi5, 
(aryl)oyl wherein the (aryl)oyl is unsubstituted or 

substituted with substituents selected from the 

group consisting of halogen, 
aryloxycarbonyl, 
carboxaldehyde, 
-C(0)NRR*, 
cycloalkoxycarbonyl, 
cy cloaiky laminocarbony 1 , 
cycloalkylaminothiocarbonyl, 
cyanoalkyl, 
cyclolalkyl, 

cycloaikylalkyl wherein the cycloalkylalkyl is 

unsubstituted or substituted with 1 or 2 hydroxyl 
substituents, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
(cyclolalkyl)oyl, 

(9,10-dihydroanthracenyl)alkyl wherein the 

(9,10-dihydroanthracenyl)alkyl is unsubstituted 
or substituted with I or 2 oxo substituents. 

haloalkyl, 

heterocycle, 

(heterocyclic)alkyl wherein die (heterocyclic)alkyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents selected from the group consisting of 
loweralkyl, 

(heterocyclic)oyl, 

loweralkyl. wherein the loweralkyl is unsubstituted 

or substituted with substituents selected from the 
group consisting of -NRR', 

-SO2-A. and 
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(2) -L4-O-L5-. 

(3) -L4-S(0)^-L5- wherein L4 and L5 are defined previously and m is 0, 1 . 

or 2, 

(4) .L4-L6-C(W)-N(R6)-L5- wherein U, W, and L5 are defined previously, 

R6 is selected from the group consisting of 

(a) hydrogen, 

(b) loweralkyl, 

(c) aryl, 

(d) arylalkyl, 

(e) heterocycle. 

(f) (heterocyclic)alkyl, 

(g) cyclolakyl, and 

(h) cycloalkylalkyl, and 

is absent or is selected from the group consisting of 

(a) -0-, 

(b) -S-, and 

(c) -NCRg.)- wherein Rg. is selected from the group 

consisting of 
hydrogen, 
loweralkyl, 
aryl, 

arylalkyl, 
heterocycle, 
(heterocyclic)alkyl, 
cyclolakyl, and 
cycloalkylalkyl, 

(5) -L4-L6-S(0)^-N(R5)-L5-, 

(6) -L4-L6-N(R5)-S(0)„-L5-. 

(7) -L4-N(R5)-C(W)-L7-L5- wherein L4, R5. W. and and L5 are 
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defined previously and L7 is absent or is selected from the group 
consisting of -O- and -S-, 

Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted with 1 or 2 substituents independently selected from 
the group consisting of 



(a) 


aryl, 


(b) 


arylalkyl. 


(c) 


heterocycle, 


(d) 


(heterocyclic)alkyl. 


(e) 


cyclolakyl, 


(0 


cycloalkylalkyl. 


(g) 


alkylthioalkyl, and 


(h) 


hydroxy. 



C^rto-CiQ-alkenylene wherein the alkenylene group is unsubstituted or 
substituted with 1 or 2 substituents independently selected from 
the group consisting of 

(a) aryl, 

(b) arylalkyl, 

(c) (aryl)oxyalkyl wherein the (aryl)oxyalkyl is 

unsubstituted or substituted with 1, 2, 3, 4. or 5 
substituents selected from the group consisting 
of halogen, 

(d) heterocycle, 

(e) (hererocycle)alkyl, 

(f) hydroxyalkyl, 

(g) cyclolakyl, 

(h) cycloalkylalkyl, 

(i) alkylthioalkyl, and 
(j) hydroxy, 

C^-to-CjQ-alkynylene wherein the alkynylene group is unsubstituted or 
substituted with 1 or 2 substituents independently selected from 
the group consisting of 
(a) aryl. 



473 



wo 98/50030 



PCT/US98/09297 



(b) arylalkyK 

(c) heierocycle, 

(d) (heterocyclic)alkyl, 

(e) cyclolakyl, 

(f) cycloalkylalkyl, 

(g) alkylthioalkyl, and 

(h) hydroxy. 



(11) -L4-heterocycle-L5-, 

(12) a covalent bond, 



(13) 



wherein B is selected from the group consisting ot 
loweralkyl and 
arylaikyl, and 



R ^ 
-N-0— ' 

(14) ^ 

Z is selected from the group consisting of 

(1) a covalent bond, 

(2) -0-, 

(3) -S(0)q-,and 

(4) -NRz- wherein Rz is selected from the group consisting of 

(a) hydrogen 

(b) loweralkyl, 

(c) aryl. 

(d) arylaikyl, 

(e) heterocycle, 

(f) (heterocyclic)alkyl, 

(g) cyclolakyl, and 

(h) cycloalkylalkyl; 

R3 is selected from the group consisting of 
(1) hydrogen. 
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(2) aryl, 

(3) fluorenyl, 

(4) heterocycle, 

wherein (2)-(4) are unsubstituted or substituted with 1, 2, 3, 4, or 5 

substituents independently selected from the group consisting of 

(a) alkanoyl, 

(b) alkoxy wherein the alkoxy is unsubstituted or substituted with 1, 

2, 3, 4, or 5 substituents independently selected from the 

group consisting of 

halogen. 

aryl, and 

cycloalkyl, 

(c) alkoxyalkyl wherein the alkoxyalkyl is unsubstituted or 

substituted with 1 or 2. 3, 4 or 5 substituents 
independently selected from the group consisting of 
aryl and 
cycloalkyl, 

(d) alkoxycarbonyl wherein the alkoxycarbonyl is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group consisting of 
aryl, and 
cycloalkyl, 

(e) alky Isilyloxy alky 1, 

(f) arylalkyl, 

(g) aryl wherein the aryl is unsubstituted or substituted with 1, 2, 3, 

4, or 5 substituents independently selected from the 

group consisting of 

alkanoyl, 

alkoxy wherein the alkoxy is unsubstituted or substituted 
with 1 or 2 substituents selected from the group 
consisting of cycloalkyl, 

carboxaldehyde, 

haloalkyl, 

halogen, 

loweralkyl, 

nitro, 
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'4. 



(h) 
(i) 



-NRR\ and 
thioalkoxy, 
arylalkyl, 

aryloxy wherein the aryloxy is unsubstituted or 



10 



15 



20 



25 



substituted with 1. 2, 3, 4, or 5 substituents 

independently selected from the group consisting of, 

halogen, 

nitro, and 

-NRR\ 



(j) (aryl)oyl, 
(k) carboxaldehyde, 
(1) carboxy, 
(m) carboxyalkyl, 

(n) -C(0)NRR" wherein R is defined previously and R'* is 
selected from the group consisting of 
hydrogen, 
loweralkyl, and 
carboxyalkyl, 

(o) cyano, 
(p) cyanoalkyl, 
(q) cycloalkyl, 
(r) cycloalkylalkyl, 
(s) cycloalkoxyalkyl, 
(t) halogen, 

(u) haloalkyl wherein the haloalkyl is unsubstituted or substituted 
with 1, 2, 3, 4, or 5 hydroxyl substituents, 
with the proviso that no two hydroxyls are attached to the same 
carbon, 

(v) heterocycle, 

(w) hydroxyl, 

(x) hydroxyalkyl wherein the hydroxyalkyl is unsubstituted or 

substituted with substitutients selected from the group 

consisting of aryl, 
(y) loweralkyl wherein the loweralkyl is unsubstituted or substituted 

with substituents selected from the group consisting of 

heterocycle. 
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hydroxyl, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
.NRR3RR3; and 

-P(0)(OR)(OR'), 

(z) nitro, 
(aa) -NRR', 
(bb) 0X0, 

(cc) -S02NRa'Rb' wherein Ra* and Rb' are independently selected 
from the group consisting of 
hydrogen, 
(aryl)oyl, 
loweralkyl, and 

heterocycle wherein the heterocycle is unsubstituted or 
substituted with 1, 2, or 3 substituents 
independently selected from the group consisting 
of loweralkyl, 

(dd) sulfhydryU and 

(ee) thioalkoxy, 

cycloalkyl wherein the cycloalkyl is unsubstituted or substituted with 

I, 2, 3, 4 or 5 substituents selected from the group consisting of 

(a) alkoxy, 

(b) aryl, 

(c) arylalkoxy 

(d) aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
selected from the group consisting of halogen, 

(e) loweralkyl, 

(f) halogen, 

(g) NRR3RR3', 

(h) oxo, and 



(i) 




cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted 
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with 1, 2. 3 or 4 substituents independently selected from the 
group consisting of 



(a) 


loweralkyi. 


(b) 


alkoxy, 


(c) 


halogen, 


(d) 


aryl. 


(e) 


aryloxy, 


(f) 


alkanoyl, and 


(g) 


NRR3RR3", 



^ ^ wherein Xi and X2 together are cycloalkyl wherein the 

cycioalkyl is unsubstituted or substituted with 1 or 2 substituents 
selected from the group consisting of aryl, and 



(8) -P{W)RR^R^^3'; and 



R4 is selected from the group consisting of 



(1) 


hydrogen. 


(2) 


loweralkyi. 


(3) 


haloalkyl 


(4) 


halogen. 


(5) 


aryl, 


(6) 


arylalkyl, 


(7) 


heterocycle. 


(8) 


(heterocyclic)alkyl 


(9) 


alkoxy, and 


(10) 


-NRR'; or 



Li, Z, and R3 together are selected from the group consisting of 
(1) aminoalkyl, 

(1) haloalkyl, 

(2) halogen, 

(3) carboxaldehyde, and 

(4) (carboxaldehyde)alkyl, and 
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(5) hydroxyalkyl, 

with the proviso that when Li, Z, and R3 together are ( l)-(5), Ri is other 
than hydrogen. 

2 . A compound according to claim 1 wherein 
L| is selected from the group consisting of 

(1) -L4-L6-S(0)^-N(R5)-L5-, 

(2) -L4-L6-N(R5)-S(0)^.L5-, 

(3) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-Cj^-aikenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-C iQ-alkynylene wherein the alkynyiene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond, 

(7) kJ^N-OvX^ 

. and 




3 . A compound according to claim 1 of formula 




wherein 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 
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(3) fluorenyl, 

(4) heterocycle 

wherein (2)-(4) are unsubstituted or substituted as defined previously, 

(5) cycloalkyl wherein the cycioalkyl is unsubstituted or substituted as 

defined previously, and 

(6) cycloaikenyl wherein the cycloalkenyl is unsubstituted or substituted as 

defined previously, 

(7) ' " , and 

(8) -P(W)RR3rR3"; and 

Lj is selected from the group consisting of 

(1) -L4-L6-S(0)„-N(R5)-Lg-, 

(2) -L4-L6-N(R5)-S.(0)„-L5-, 

(3) C 1 -C 1 o-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-Ci6-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-^^^ 1 Q-^yi^y^^"^ wherein the alky ny lene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond, 

(7) k^^N-O-"^ , and 

R ^ 



(8) 

4. A compound according to claim 1 of formula 
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wherein 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryi, 

(3) fluorenyl, 

wherein (2) and (3) are unsubstituted or substituted as defined previously, 

(4) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted as 

defined previously, and 

(5) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted as 

defined previously, 

(6) ' H , and 

(7) -P(W)RR3rR3'; and 

Lj is selected from the group consisting of 

(1) -L4-L6-S(0)^.N(R5)-L5-, 

(2) -L4-L6-N(R5).S(0)^-L5-, 

(3) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2'tO"Ci6-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2"^^CiQ-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond. 
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(7) 



, and 




R ^ 



5 . A compound according to claim 3 selected from the group consisting of 
[4-((2S,5S)- 1 ,4-diazabicyclo(2,2, 1 )octan- l-yl)-2-phenylbenzoyl]methionine, 
hydrochloride , 

[4-(4-methylpiperazinylmethyl)-2-phenylbenzoyllmethionine, 
(4-piperazinylmethyl-2-phenylbenzoyl)methionine, and 
[4-(3-hydroxypyrrolidinyl)-2-phenylbenzoyl]methionine. 

6 . A compound according to claim 1 of formula 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 

(3) fluorenyl, 

(4) heterocycle 

wherein (2)-(4) are unsubstituted or substituted as defined previously, 

(5) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted as 

defined previously, and 

(6) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted as 

defined previously; 

Lt is selected from the group consisting of 




wherein 



(1) -L4-L6-S(OVN(R5)-L5-, 



(2) -L4-L6-N(R5)-S(0)^-L5-, 
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(3) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-C I ^-alkenyiene wherein the alkeny iene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-CjQ-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond, 

(7) k^N^Ov^ 
R 



X 



(8) 

Z is a covalent bond; and 



X is selected from the group consisting of 
alkoxy, 
aryl. 
carboxy, 
cyano, 
halogen, 
haloalkyl, 
hydroxy, 
hydroxyalkyl, 
loweralkyl, 
nitro, 

N-protected amino, 
-NRR, 

oxo (=0), and 
thioalkoxy. 
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7. 



A compound according to claim 1 of formula 



R 




wherein 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 

(3) fluorenyi, 

wherein (2) and (3) are unsubstituted or substituted as defined previously, 

(4) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted as 



(5) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted as 
defined previously; 



(1) -L4-L6-S(0)^-N(R5)-L5-, 

(2) -L4-L6-N(R5)-S(0)^-L5-, 

(3) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 



(4) C2-to-Ci5-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-C|Q-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond, 



defined previously, and 



Lj is selected from the group consisting of 



substituted as defined previously. 



(7) 




, and 
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Z is a covalent bond; and 

X is selected from the group consisting of 
alkoxy, 
aryl, 
carboxy, 
cyano, 
halogen» 
haloalkyl, 
hydroxy, 
hydroxy alky I, 
loweralkyl, 
nitro, 

N-protected amino, 
-NRR, 

0X0 (=0), and 
thioalkoxy. 

A compound according to claim 5 wherein X is selected from the group 
consisting of loweralkyl. 

A compound according to claim 7 selected from the group consisting of 

[4-(5-cyclohexyimethyloxa2olid-2-on-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 

methionine, 

N-[4-(2-(2-phenylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]-methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt. 
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N-[4-(2-(2-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfinylbutanoic acid, lithium salt. 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]methionine. 
lithium salt, 

N-[4-(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine . 
lithium salt, 

N-[4-(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyll-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-(4-cyclohexylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(4-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(4-phenoxyphenyl)ethyI)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-fluoren-4-ylethyl)-2-(2-methylphenyl)benzoyllmethionine. lithium 
salt, 

N-[4-(2-naphth-2-ylethenyl)-2-(2-methylphenyl)benzoyllmethionine, 
N-[4-(2-naphth-l-ylethenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 

salt, 

N-[4-(2-naphth-l-ylethyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth-l-ylethyl)-2-(2-methylphenyl)benzoyllmethionine, lithium 
salt, 

N-[4-(3-phenylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(3-naphth-2-ylpropyl)-2-(2-methylphenyl)benzoyllmethionine, lithium 

salt, 

N-[4-(3-cyclohexylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(4-phenylbut-l-enyl)-2-(2-methylphenyl)beazoyllmethiomne, 
N-[4-(4-naphth-2-ylbut-4-on-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4-(4-naphth-2-ylbut-4-ol-l-enyl)-2-(2-methylphenyl)benzoyl]methionine. 
N-[4-(4-cyclohexylbut-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 
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N-[4-(4-cyclohexylbutyl)-2K2-methylphenyl)benzoyl]rnethionine sodium 
salt, 

N-[4-(5-phenylpent-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(2-pyrimidin-5-ylethynyl)-2-(2-methylphenyl)benzoyl]meA^^ 
lithium salt, 

N-[4-(2-pyrimidin-5-ylethen-l-yl)-2-(2-methyIphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-pyrazin-2-ylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(3-naphth-2-ylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2,3-diphenylpropan-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(N-benzyl-N-phenylaminosulfonyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(N-2-cyclohexylethylaminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-(l-benzylylpiperidin-4-ylaminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-N-(2-piperidin-lylethyl)aminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-N-(2-morpholin-lylethyl)aminosulfonyl)-2-phenylben2oyl]methionine, 
lithium salt, 

N-[4-(2-(3,4-dimethoxyphenyl)ethylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

N-[4-(3-(2-methylpiperidin-l-yl)propylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

N-[4-iodo-2-(2-methylphenyl)benzoyl]methionine, 

N-[4-N(t-butylcarba2atocarbonylmethyl)amino-2-phenylbenzoyl]methionine, 
N-[4-(2-(thiazol-5-yl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(3-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(4-phenylphenyl)-2-(2-methylphenyl)benzoyl]methiomne. lithium salt, 
N-[4-(4-phenylcyclohexylidenyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt. 
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N-[4-syn-(4-phenylcyclohexylmethyl)-2-(2-meihylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-phenylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(2-(3-phenylphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(3-phenyiphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(3-phenylphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(3-phenoxypyrida2in-6-yl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt, 

N-[4-(2-(3-phenoxypyridazin-6-yI)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethen-l-yl)-2-(2-methyiphenyl)- 
benzoyljmethionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-benzyloxymethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl] methionine , 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(2-nitrophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-(4-(2-aminophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(3-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N.[4-(2-(4-(3-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(4-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(3"nitrophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(4-t-butoxycarbonylpiperazin- 1 -ylmethyl)-2-(2-methylphenyl)- 
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benzoyl]methionine, 

N-[4-(4-phenylpiperazin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-N-(13-diphenylpropan-2-yl)iminooxymethyl-2-(2-methylphenyl) 
benzoylj-methionine, lithium salt, 

N-[4-(N-hept-4-ylaminooxymethyl)-2-(2-methylphenyl)benzoyi]- 
methionine, 

N-[4-(3-benzyloxypyrroliclin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine , 

N-[4-(3-benzyloxypiperidin- 1 -ylmethyl)-2-(2-methylpheny l)benzoy 1]- 
methionine , 

N_[4-(3-cyclohexylmethoxypiperidin-l-ylrnethyl)-2-(2-methylphenyl)- 
benzoyl]methionine , 

N-[4-(2-phenoxymethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine , 

N-[4-(2-cyclohexylmethoxymethylpyiTolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyi]methionine , 

N-[4-(2-benzyloxymethylpyrrolidin-l-ylmethyi)-2-(2-methylphenyl)- 
benzoyl]methionine , 

N-[4-(2-(4-(4-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-inethylphenyl)- 
benzoyl]methionine, lithium salt, 

N-[4-(4-benzylpiperazin- 1 -ylmethyl)-2-(2-methylphenyl)beiizoyl]- 
methionine, 

N-[4-(4-benzylpiperidin- 1 -ylmethy l)-2-(2-methy lphenyl)benzoyl]- 
methionine, 

N-[4-(4-(4-chloropheny l)-4-hydroxypiperidin- 1 -ylmethy l)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(4-cyclohexylpipera2in- 1 -ylmethy l)-2-(2-methylphenyl)benzoyl]- 
methionine, 

(2S) 2-[4-(4-phenyl- 1 ,3-dioxolan-2-yl)-2-(2-methylphenyl)benzoy 1]- 
methionine, hthium salt, 

N-[4-( 1 -benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(l-cyclohexylmethyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
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methionine, 

N-[4-(2cyclohexylmethyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(3(S)-cyclohexylmethoxymethylmorpholin-4-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(3(R)-cyclohexylmethoxymethylthiomorpholin-4-ylmethyl)-2-(2- 
methylphenyl)benzoyllmethionine, 

N-[4-(2(S)-cyclohexylmethoxymethylazetidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)-(3,5-difluorophenoxy)methylpyrrolidin-l-ylniethyl)-2-(2- 
methyIphenyl)benzoyl]methionine, 

N-[4-(2(S)-cyclohexy loxy methy Ipyrrolidin- 1 -ylmethyl)-2-(2- 
niethylphenyl)benzoyl]methionine, 

N-[4K2(S)-cyclohexylniethyloxyn[iethyl-4,4-difluoropyrrolidin-l-ylniethyl)- 
2-(2-methylphenyl)benzoyl]methionine, 

N-[4-(2-methoxyniethyl-5-benzylpyrrolidin-l-ylniethyl)-2-(2-niethylphe 
benzoyl]methionine, 

N-[4-(2-cyclohexylmethoxymethy Ipyrrolidin- 1 -ylmethy i)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-benzy ioxymethy 1-4-niethoxypyrrolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-benzyloxyniethyl-4-methoxypyrrolidin- 1 -ylmethyl)-2"(2- 
tnethylphenyl)benzoyl]methionine, 

N-[4-(2-cyclohexyloxymethyl-5-propylpyrrolidin- 1 -ylmethyl)-2-(2- 
methy lphenyl)benzoy 1] methionine, 

N.[4_(2-cyclohexyloxymethyl-5-propy Ipyrrolidin- 1 -y lmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)-cyclohexylmethoxymethyl-4(R)-methoxypyrrolidin-l-ylmethyl)- 
-2-(2-methylphenyl)benzoyl]methionine, 

N-[4-(3.cyclohexylmethoxy-2-methoxymethylpyrrolidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N- [4-(2-piperidin- 1 -yimethyipy rrolidin- 1 -y Imethy l)-2-(2-methy Ipheny 1)- 
benzoyl]methionine, 

N-[4-(2-morpholin-4-ylmethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-(N-cyclohexyl-N-methylamino)methylpyrrolidin-l-ylmethyl)-2-(2- 
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methylphenyObenzoyl] methionine, 

N-[4-(3-cyclohexyloxynriethylisoxazoiidin-2-yimethyl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-t-butoxycarbonyl-3-(3»5-difluorophenyl)propyl)-2-(2- 
methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(N-cyclohexyimethylan:unosulfonylmethyi)-2-(2-methylphenyl)- 
benzoyl] methionine, lithium salt, 

N-{4-[E-2-hyciroxymethyl-3-(thiazol-5-yl)prop-2-enyl]-2-(2- 
methylphenyl)benzoyl} methionine, lithium salt, 
N-{4-[E-2-(3,5-diflourophenoxy)methyl-3-(thiazol-5-yl)- 
prop-2-enyl]-2-(2-methylphenyl)benzoyl} methionine, lithium salt, 
N-[4-N"benzyloxy-N-butylaminomethyl-2-(2-methylphenyl)benzoyI]- 
methionine, lithium salt, 

N-[4-N"butyl-N-(3,5-difluorobenzyl)aminooxymethyl-2-(2- 
methylphenyl)benzoyl]methionine, lithium salt, 

N-[4-N--butyl-N-(cyclohexylmethyloxy)aminomethyl-2-(2-methylphenyl)- 
benzoyl] methionine, lithium salt, 

N-[4-N"butyl-N-(cyclohexylmethyl)aminooxymethyl-2-(2-methylphenyl)- 
benzoyl] methionine, lithium salt, 

N-[4-(benzylphenyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyll- 
methionine, 

N-[4-(benzylphenyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyll- 
methionine, 

N-[4-((cylohexylmethyl)methyl(oxophosphinyl)methyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-((cylohexylmethyl)methyl (oxophosphinyl)methyl)-2-(2-methyl- 
phenyl)benzoyl]methionine, 

N-[4-((cylohexylmethyl)butyl(oxophosphinyl)methyl)-2-(2- 
methylphenyl)benzoyi]methionine, 

N-[4-(di(cylohexylmethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(di(cylohexylmethyl)(thiaphosphinyi)methyl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(di(2-cylohexylethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 
benzoyljmethionine, 

N-[4-(dibutyl(oxophosphinyi)methyl)-2-(2-methylphenyl)benzoyl]- 
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methionine, 

N-[4-phenyl-butylaminosulfonyl)-2-phenylbenzoyl]methionine, lithium 
salt., 

N-[4-(2-(2-cyclohexylethyl)-l-hydroxyprop-3-yl)-2-(2-methylphenyl)- 
benzoyl]methionine , lithium salt, 

N-[4-(2-(2-cyclohexylethyl)-l-ethylthioprop-3-yl)-2-(2-methylphenyl)- 
benzoyl]methionine , lithium salt, 

N-[4-(2-(2-cyclohexylethyl)t-butylpropion-3-yl)-2-(2-methylphenyl)- 
benzoyljmethionine , lithium salt, and 

N-[4-(4-cyclohexyl-2-phenylsulfonylbut-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt. 

10 A compound selected from the group consisting of 

[4-((2S,5S)-l.4-diazabicyclo(2,2.1)octan-l.yl)-2-phenylbenzoyl]methiomne, 

hydrochloride , 

[4-(4-raethylpiperazinylmethyl)-2-phenylbenzoyllmethionine, 
(4-piperazinylmethyl-2-phenylbenzoyl)methionine. 
[4-(3-hydroxypyrrolidinyl)-2-phenylbenzoyllmethionine, 
[4-(5-cyclohexylmethyloxazolid-2-on-l-ylmethyl)-2-(2-methylphenyl)benz^^ 

methionine, 

N-[4K2K2-phenylphenyl)ethyl>2-(2.niethylphenyl)^^^^ 

lithium salt, . 
N-[4-(2-(2-phenoxyphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]-methiomne, 

lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethenyl)-2-(2-methylphenyl)benzoyll-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-aniino-4- 
methylsulfinylbutanoic acid, lithium salt, 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-(2-methylphenyl)benzoyllmethionine, 
lithium salt, 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyllmethionine, 
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lithium salt, 

N-[4-(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-amin 
methylsulfinylbutanoic acid, lithium salt, 

N-[4-(2-(4-cyclohexylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(4-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine , 
lithium salt, 

N-[4-(2-(4-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfinylbutanoic acid, lithium salt, 

N-[4-(2-fluoren-4-ylethyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth-2-ylethenyl)-2-(2-methylphenyi)benzoyl]methionine, 
N-[4-(2-naphth-l-ylethenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth-l-ylethyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth-l-ylethyl)-2-{2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(3-phenylprop- 1 -enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(3-naphth-2-yipropyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(3-cyclohexylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(4-phenylbut- 1 -enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(4-naphth-2-ylbut-4-on-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4-(4-naphth-2-ylbut-4-ol-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, . 
N-[4-(4-cyciohexylbut-l-enyl)-2-(2-methyiphenyl)ben2oyl]methionine, 
lithium salt, 

N-[4-(4-cyclohexylbutyl)-2-(2-methylphenyl)benzoyl]methionine sodium 
salt, 

N-[4-(5-phenylpent- 1 -enyl)-2-(2-methylpheny l)benzoy l]methionine, 
N-[4-(2-pyrimidin-5-ylethynyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-pyrimidin-5-ylethen- 1 -yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 
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N-[4-(2-pyra2in-2-ylethen4-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(3-naphth-2-ylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt. 

N-[4-(23-ciiphenylpropan-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(N-ben2yl-N-phenylaminosulfonyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt. 

N-[4-(N-2-cyclohexylethylaminosulfonyl)-2-phenylbenzoyllmethionine. 
lithium salt. 

N-[4-(l-benzylylpiperidin-4-ylaminosulfonyl)-2-phenylbenzoyllmethionine. 
lithium salt, 

N-[4-N-(2-piperidin-lylethyl)aminosulfonyl)-2-phenylbenzoyl]methionine. 
lithium salt, 

N-[4-N-{2-morpholin-lylethyl)aminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-(2-(3,4-dimethoxyphenyl)ethylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

N-[4-(3-(2-methylpiperidin-l-yl)propylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

N-[4-iodo-2-(2-methylphenyl)benzoyl]methionine, 

N-[4-N(t-butylcarbazatocarbonylmethyl)amino-2-phenylbenzoyl]methionine, 
N-[4-(2-(thiazol-5-yl)ethen-l-yl)-2-(2-methylphenyi)benzoyl]methionine, 
lithium salt, 

N-[4-(2-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(3-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
]S[.[4-(4-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(4-phenylcyclohexylidenyl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4-syn-(4-phenylcyclohexylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-phenylethen-l-yl)-2-(2-methylphenyl)benzoyl]methiorune, 
N-[4-(2-(3-phenylphenyl)ethen- 1 -yl)-2-(2-methylphenyI)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(3-phenylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 
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N-[4-(2-(3-phenylphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(3-phenoxypyridazin-6-yi)ethen-l-yl)-2-(2-methyiphenyi)- 
benzoyl]methionine, lithium salt, 

N-[4-(2-(3-phenoxypyridazin-6-yi)ethyi)-2-(2-methylphenyl)benzoyi]- 
methionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethen-l-yl)-2-{2-methylphenyi)- 
benzoyl]methionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethyl)-2-(2-methylphenyi)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-benzy loxy methylpyrrolidin- 1 -y Imethy l)-2-(2-methy Iphenyl)- 
benzoyUmethionine , 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyllmethionine, 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(2-nitrophenbxy)phenyl)ethen-I-yl)-2-(2-methylphenyl)- 
benzoyl]methionine. 

N-[4-(2-(4-(2-aminophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(3-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-(4-(3-chlorophenoxy)phenyl)ethyi)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-I4-(2-(4-(4-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(3-nitrophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(4-t-butoxycarbonylpiperazin- 1 -ylmethyl)-2-(2-methy Iphenyl)- 
benzoyl]methionine, 

N-[4-(4-phenylpiperazin- 1 -ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-N-( 1 ,3-diphenylpropan-2-yl)iminooxymethyU2-(2-methylphenyl) 
benzoylj-methionine, lithium salt, 

N-[4-(N-hept-4-yIaminooxymethyl)-2-(2-methylphenyl)benzoyll- 
methionine, 
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N-[4-(3-benzyloxypyrrolidin-l-ylmethyl)-2-(2-methylphenyl)benzoyll- 
methionine , 

N-[4-(3-benzyloxypiperidin-l-ylmethyl)-2-(2-inethylphenyl)benzoyl]- 
methionine , 

N-[4-(3-cyclohexylmethoxypiperidm-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl] methionine , 

N-[4-(2-phenoxymethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine , 

N-[4-(2-cyclohexylmethoxymethylpyrrolidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine , 

N-[4-(2-benzyloxymethylpyiTolidin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyUmethionine , 

N-[4-(2-(4-(4-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt, 

N-[4-(4-benzylpiperazin- 1 -ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(4-benzyipiperidin-l-ylmethyl)-2-(2-methylphenyi)benzoyl]- 
methionine, 

N-[4-(4-(4-chlorophenyl)-4-hydroxypiperidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N.[4-(4-cyclohexyipiperazin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

(2S) 2-[4-(4-phenyl- l,3-dioxolan-2-yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(l-benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(l-cyclohexybnethyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyll- 
methionine, 

N-[4-(2-benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2cyclohexylmethyltetra20l-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(3(S)-cyclohexylmethoxymethylmorpholin-4-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(3(R)-cyclohexylmethoxymethylthiomorpholin-4-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine. 
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N-[4-(2(S)-cyclohexylmethaxymethylazetidin- 1 -yimethy l)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)-(3,5-difluorophenoxy)methylpyrrolidin-l-ylmethyl)-2-(2- 
inethylphenyl)benzoyl]methionine, 

N-[4-(2(S)-cyclohexyloxymethylpyrrolidin- 1 -yimethy l)-2-(2- 
methylphenyl)benzoyl]methionine, 

N44-(2(S)-cyclohexylmethyloxymethyl-4.4-difluoropyrrolidin-l-ylmethyl)- 
2-(2-methylphenyl)benzoyl]methionine, 

N-[4-(2-methoxymethyl-5-benzylpyrrolidin-l-ylmethyl)-2-(2-methyl^^^ 
benzoyllmethionine, 

N-[4-(2-cyclohexylmethoxymethylpyrrolidin- 1 -y Imethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-benzyloxymethyl-4-methoxypyrrolidin-l-ylmethyl)-2-(2- 
methylpheny!)benzoyl]inethionine, 

N-[4-(2-benzyloxymethyl-4-methoxypyiTolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-cyclohexyloxymethyl-5-propylpyrrolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]mediionine, 

N-[4-(2-cyclohexyloxymethyl-5-propylpyiTolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)<yclohexylmethoxymethyl-4(R)-methoxypyrrolidin-l-ylmethyl)- 
-2-(2-inethylphenyl)benzoyl]methionine, 

N-[4-(3-cyclohexy lmethoxy-2-inethoxymethy Ipyrrolidin- 1 -y lmethyl)-2-(2- 
methyIphenyl)benzoyl]methionine, 

N-[4-(2-piperidin- 1 -ylmethylpyiTolidin- 1 -ylmethyl)-2-(2-methy Iphenyl)- 
benzoyl]niethionine, 

N-[4-(2-morphoIin-4-ylmethy Ipyrrolidin- 1 -yimethy l)-2-(2-methylpte 
benzoyl]methionine, 

N-[4-(2-(N-cyclohexyl-N-methylamino)methylpyrrolidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methiomne, 

N-[4-(3-cyclohexyloxymethylisoxazolidin-2-ylmethyl)-2-(2-methyIphenyl)- 
benzoyl]methionine, 

N-[4-(2-t-butoxycarbonyl-3-(3,5-difluorophenyl)propyl)-2-(2- 
methylphenyObenzoylJmethioriine, hthium salt, 
N-[4-(N-cyclohexylmethylaminosulfonylmethyl)-2-(2-methylphenyl)- 
benzoyljmethionine, lithium salt, 

497 



N- { 4-[E-2-hyciroxy methyl-3-(thiazol-5-yl)prop-2-enyl]-2-(2- 
methylphenyl)benzoyl} methionine, lithium salt, 
N-{4-[E-2-(3,5-diflourophenoxy)methyl-3-(thiazol-5-yl)- 
prop-2-enyl]-2-(2-methylphenyl)benzoyl}methionine, lithium salt. 
N-[4-N-benzyloxy-N-butylaminomethyl-2-(2-methylphenyl)benzoyl]- 

methionine, lithium salt, 

N-[4-N-butyl-N-(3,5-difluorobenzyl)aminooxymethyl-2-(2- 
methylphenyl)benzoyl]methionine, lithium salt, 

N-[4-N-butyl-N-(cyclohexylmethyloxy)aminomethyl-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt, 

N-[4-N-butyl-N-(cyclohexylmethyl)aminooxymethyl-2-(2-methylphenyl)- 
benzoyUmethionine, lithium salt, 

N-[4-(benzyiphenyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(benzylphenyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-((cylohexylmethyl)methyl(oxophosphinyl)methyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-((cylohexylmethyl)methyl (oxophosphinyl)methyl)-2-(2-methyl- 
phenyl)benzoyl]methionine, 

N-[4-((cylohexylmethyl)butyl(oxophosphinyl)methyl)-2-(2- 
methylphenyl)benzoyI]methionine, 

N-[4-(di(cylohexylmethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 
benzoyljmethionine, 

N-[4-(di(cylohexylmethyl)(thiaphosphinyl)methyl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(di(2-cylohexylethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(dibutyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyll- 
methionine, 

N-[4-phenyl-butylaminosulfonyl)-2-phenylbenzoyl]methionine,Uthium 
salt., 

N-[4-(2-(2-cyclohexylethyl)-l-hydroxyprop-3-yl)-2-(2-methylphenyl)- 
benzoyllmethionine , lithium salt, 

N-[4-(2-(2-cyclohexylethyl)-l-ethylthioprop-3-yl)-2-(2-methylphenyl)- 
benzoyljmethionine , lithium salt. 



498 



wo 98/50030 



PCT/US98/09297 



N-[4-(2-(2-cyclohexylethyl)t-butylpropion-3"yl)-2-(2-methylphenyl)- 
benzoyl]methionine , lithium salt, and 

N-[4-(4-cyclohexyl-2-phenylsulfonylbut-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt. 

11. A method of inhibiting protein isoprenyl transferases in a manunal in need of 
such treatment comprising administering to the mammal a therapeutically 
effective amount of a compound of claim 1. 

12. A composition for inhibiting protein isoprenyl transferases comprising a 
pharmaceutical carrier and a therapeutically effective amount of a compound of 
claim L 

13. A method for inhibiting or treating cancer in a mammal, comprising 
administering to the mammal a therapeutically effective amount of a compound 
of claim 1 alone or in combination with another chemotherapeutic agent. 

14. A composition for the treatment of cancer comprising a compound of claim 1 in 
combination with another chemotherapeutic agent and a pharmaceutically 
acceptable carrier. 

15. A method for inhibiting post-translational modification of the oncogenic Ras 
protein by protein famesyltransferase, protein geranylgeranyltransferase, or 
both in a manmial comprising administering to the mammal a therapeutically 
effective amount of a compound of claim 1, 

16. A composition for inhibiting post-translational modification of the oncogenic 
Ras protein by protein famesyltransferase, protein geranylgeranyltransferase, or 
both comprising a compound of claim 1 in combination with a pharmaceutical 
carrier. 

17. A method for treating or preventing intimal hyperplasia associated with 
restenosis and atherosclerosis in a mammal comprising administering to the 
manunal a therapeutically effective amount of a compound of claim 1 . 

18. A composition for treating or preventing restenosis in a mammal comprising a 
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compound of claim 1 in combination with a phamiaceutically acceptable carrier. 

15. A method of inhibiting protein isoprenyl transferases in a manmial in need of , 
such treatment comprising administering to the mammal a therapeutically , 
effective amount of a compound of claim 1. 

16. A composition for inhibiting protein isoprenyl transferases comprising a 
pharmaceutical carrier and a therapeutically effective amount of a compound of 
claim 1. 

17. A method for inhibiting or treating cancer in a mammal, comprising 
administering to the mammal a therapeutically effective amount of a compound 
of claim 1 alone or in combination with another chemotherapeutic agent. 

18. A composition for the treatment of cancer comprising a compound of claim 1 in 
combination with another chemotherapeutic agent and a pharmaceutically 
acceptable carrier. 

19. A method for inhibiting post-translational modification of the oncogenic Ras 
protein by protein famesyltransferase, protein geranylgeranyltransferase, or 
both in a manmial comprising administering to the mammal a therapeutically 
effective amount of a compound of claim L 

20. A composition for inhibiting post-translational modification of the oncogenic 
Ras protein by protein famesyltransferase, protein geranylgeranyltransferase, or 
both comprising a compound of claim 1 in combination with a pharmaceutical 
carrier. 

21. A method for treating or preventing intimal hyperplasia associated with 
restenosis and atherosclerosis in a mammal comprising administering to the 
mammal a therapeutically effective amount of a compound of claim 1. 

22. A composition for treating or preventing restenosis in a mammal comprising a 
compound of claim 1 in combination with a pharmaceutically acceptable carrier. 
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